
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 




In re the application of: 



Cornelius et al. 



Application Serial No.: 10/605,406 
Filed: September 29, 2003 



Group Art Unit: 1617 
Examiner: Mitchell, G.W. 



Publication No.: 2005/0070601 



Publication Date: March 31, 2005 




Title: Psychostimulant Effects of Forskolin Including Anorexia 



06/01/8005 HflLIll 
01 FC:lft06 



00000044 10605406 

160.00 OP 



May 31, 2005 



****** 



THIRD-PARTY SUBMISSION IN PUBLISHED APPLICATIO 

PURSUANT TO 37 C.F.R. S1.99 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Sir: 




flLLIAM R. DIXON, JR. 
SPECIAL PROGRAM EXAMINER 



Pursuant to 37 C.F.R. §1 .99, a third-party to U.S. Patent Application Serial No. 
10/605,406 submits the following documents through the undersigned. U.S. Patent 
Application Serial No. 10/605,406 was filed in the name of Cornelius et ai on 
September 29, 2003 and was published on March 31, 2005 with Publication No. 
2005/0070601. 

Pursuant to the requirements of 37 C.F.R. §1 .99(b) the undersigned includes: 

(1 ) A check for $180.00 to cover the fee set forth in 37 C.F.R. §1 .1 7(p); 

(2) Form PTO-1449 listing the patents or publications submitted including the date of 
publication of each patent or publication; 

(3) A copy of each patent or publication; 

(4) An English language abstract of the French reference Choquet et a/., "Is forskolin 
a stimulant of gastic secretion?", C R Seances Soc Biol Fil. 182(3), 335-343, 
1988. 



TECH/302747. 1 



Application Serial No.: 10/605,406 
Inventor(s): Cornelius et al. 

Pursuant to 37 C.F.R. §1 .99(c) and 37 C.F.R. §1. 248(b)(2), the undersigned 
attaches herewith a Certificate of Service indicating that this submission was served 
upon the applicant(s). 

Finally, pursuant to 37 C.F.R. §1 .99(f), the U.S. Patent and Trademark Office is 
requested to return the attached self-addressed stamped postcard to acknowledge that 
this submission has been received. 

This submission is made within two months from the date of publication of the 
application. Pursuant to 37 C.F.R. §1. 99(e), the undersigned believes that no additional 
fees are due. If additional fees are required with respect to this submission, they may 
be charged to Deposit Account No. 01-2300. 

Respectfully submitted, 




Direct Telephone No.: 202-857-6232 

Customer No.: 004372 

1050 Connecticut Avenue, N.W. 
Washington, D.C. 20036-5339 

Telephone No.: 202-857-6000 
Facsimile No.: 202-857-6395 

RJB/GP 



TECH/302747. 1 




CERTIFICATE OF SERVICE 



^igd^Signed hereby certifies that a true copy of the THIRD-PARTY 
SUBMISSION^ PUBLISHED APPLICATION PURSUANT TO 37 C.F.R. §1 .99 is being 
served upon the applicants on this 27th day of May, 2005, by transmitting the true copy 
by first class mail, pursuant to 37 C.F.R. §1. 248(a)(4), to: 

Derek Wayne Cornelius 
Gary Lee Haynes 
Creative Compounds, LLC 
P.O. Box 4011 
Scott City, MO 63780 




Registration No-^-39r1'07 
Direct Telephone No.: 202-857-6232 



Sheet 1 of 1 



FORM PTO-1449 




U.S. DEPARTMENT OF COMMERCE 
PATENT AND TRADEMARK OFFICE 



OF REFERENCES CITED BY THIRD PARTY 



( Use several sheets if necessary) 



ATTY. DOCKET NO. 



APPLICANT 

Cornelius et a/. 



SERIAL NO. 

10/605,406 



FILING DATE 



September 29, 2003 



GROUP 

1617 % " 



U.S. PATENT DOCUMENTS 



EXTWJER'S 
INITIALS 



AA 
AB 



DOCUMENT NO. 



DATE 



NAME 



CLASS 



SUB- 
CLASS 





DATE^ 



FOREIGN PATENT DOCUMENTS 



EXAMINER'S 
INITIALS 




DOCUMENT NO. 


DATE 


COUNTRY 


TRANSLATION 
YES NO 




AC 












AD 











OTHER REFERENCES (Including Author, Title, Date, Pertinent Pages, Etc.) 





AE 


Choquet et a/., "Is forskolin a stimulant of gastric secretion?" C R Seances Soc Biol Fil. 182(3), 335- 
343, 1988. (article in French) 




AF 


English language abstract of AF. 




AG 


Lambert et al. "CART peptides in the central control of feeding and interactions with neuropeptide Y", 
Synapse 29(4), 293-298, 1998. 




AH 


Lu ef a/., "Promotion of forskolin-induced long-term potentiation of synaptic transmission by caffeine in 
area CA1 of the rat hippocampus", Chin J Physiol. 42(4), 249-253, 1999. 




Al 


Kreider, "Coleus forskohlii: one phat fat-fighter, Muscular Dev. 38(4), 72-74, 2001. 




AJ 


Kreider, "Coleus forskohlii fat loss update", Muscular Dev. 39(2), 260-262, 2002. 




AK 


Kreider et a/., "Effects of Coleus Forskohlii Supplementation on Body Compostion and Markers of 
Health in Sedentary Overweight Females", FASEB J. 16 Suppl: 59 (LB305), 2002. (abstract only) 




AL 


Edwards ef a/., "BAREing it all: the adoption of LXR and FXR and their roles in lipid homeostasis", J 
Lipid Res. 43(1), 2-12,2002. 




AM 


Dominguez ef a/., "Characterization of the cocaine- and amphetamine-regulated transcript (CART) 
peptide gene promoter and its activation by a cyclic AMP-dependent signaling pathway in GH3 cells", J 
Neurochem. 80(5):885-893, 2002. 




AN 


ForsLean® Food Intake Reduction Study; available at http://www.forslean.com/food.htm; study 
conducted between April 3, 2003 and May 16, 2003. 



EXAMINER 


DATE CONSIDERED 


*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not in 

conformance and not considered. Include copy of this form with next communication to applicant. 



SociSti de Biologie de Montpellier 



Stance du 12 novembre 1987 



C. J?. Soc. Biol, 1988, 182, 335-343. 



Pharmacodynamic 



La forskoline est-elle un stimulant 
de la secretion gastrique ? 

par Armelle Choquet, Richard Magous, 
Jean-Claude Galleyrand et Jean-Pierre Bali 

Laboratoire de Biochimie des Membranes 
du CNRS UPR-41, INSERM U-249, Faculte de Pharmacie, 
15, avenue Charles Flahault, 34060 Montpellier Cedex 

(regue le 6 juin 1988). 

Summary. — The diterpene, forskolin, direct activator of the cata- 
lytic subunit of the adenylate cyclase from various tissues, also stimu- 
lates gastric acid secretion: in vitro, with an isolated parietal cell 
preparation, forskolin dose-dependently stimulated acid secretion 
(EC 60 : 1 ^M) (measured by accumulation in the acidic spaces of the 
weak base [ 14 C]-aminopyrine) and the maximal acid secretory value at 
0.1 mM was 4 times higher than that obtained with histamine. Fors- 
kolin drammatically increased the production of intracellular cyclic- 
AMP at a level 4 times higher than that obtained with histamine at 
the same concentration. In vivo, gastric acid secretion of the rat is dose- 
dependently increased. The doses required to get a significant response 
(100 nmol/kg) were 1 000 times higher than those required for gastrin 
and 100 times lower than those for histamine, but the same maximal 
value was obtained. Cimetidine did not significantly modified this 
response. These results demonstrate that, both in vitro and in vivo, 
forskolin is a potent stimulant for gastric acid secretion. 

Risumd. — La forskoline, diterp&ne activateur direct de la sous-unite 
catalytique deTad^nylcyclasemembranaire denombreux tissus de Mam- 
mififcres, est capable de stimuler la secretion gastrique acide : in vitro, 
sur une preparation de cellules parietales isoiees, la forskoline stimule de 
fa^on dose-dependante la secretion acide (EC 60 : 1 yM) (mesur^e par 
accumulation de la base faible [ 14 C]-aminopyrine dans les espaces acides) 
mais le maximum de secretion obtenu (pour la dose de 0,1 mM) est 
environ 4 fois superieur k celui obtenu pour rhistamine. Paralieiement, 
la forskoline stimule la production d'AMP cyclique intracellular a un 
niveau 4 fois superieur k celui obtenu avec la meme dose d'histamine. 
In vivo, la secretion acide gastrique est augments de fagon dose- 
dependante. Les doses de forskoline nScessaires pour obtenir une 
r£ponse (100 nmol/kg) sont 1 000 fois superieures k celles de gastrine 
et 100 fois infdrieures k celles d'histamine; le maximum de secretion 
obtenu est le m£me. La cim&idine ne modifie pas cette r£ponse de 
fagon significative. Ces r^sultats dimontrent que la forskoline, aussi 
bien in vitro qu7/i vivo, se comporte comme un puissant stimulant de 
la secretion gastrique. 
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La forskoline est une drogue d'origine vegetale extraite des racines 
d'une plante indienne Coleus forskohlii. Elle est constitute de cinq 
isomeres (Fig. 1); les isomeres A et C sont les constituants majeurs 
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Fig. 1. — Structure des 5 diterp&nes extraits de Coleus forskohlii. 
Les isomfcres A et C sont les constituants majeurs de Textrait. C, D et E possfcdent 
des propri6t£s cardiotoniques intSressantes. 



de l'extrait et seuls les isomeres C, D et E presentent une activite phar- 
macologique sur le systSme cardiovasculaire (inotrope positif, hypo- 
tenseur, inhibiteur de l'agr6gation plaquettaire), sur les s£cr6tions 
hydroelectrolytiques (salivaire, colique), sur la stSroidogen&se et sur 
la lipolyse (1, 2, 3). In vitro, le diterpdne C se pr&ente comme un sti- 
mulant puissant de la sous-unite catalytique de l'adenylcyclase mem- 
branaire (4) avec une EC 50 de 10 yM. Ce compose augmente la forma- 
tion d'AMP cyclique (Tableau I) dans le cerveau, les glandes salivaires, 
les glandes gastriques, les acinis pancrSatiques, les adipocytes, les pla- 
quettes sanguines et les cellules surrSnaliennes. La stimulation observ£e 
est d'intensitS variable suivant le type de tissu : dans Pestomac, elle 
est faible et de moindre importance que celle obtenue par les ions F". 
Cette activation est directe, sans intervention d'une G-proteine (5). 
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Tableau I. — Effets de la forskoline et du NaF 
sur l'activit6 ad&iylcyclase de divers tissus. 



AMP cyclique en pmol.min^.mg" 1 



Tissu 


Basal 


NaF 


Forskoline 


Cortex 


65 ±6 


450 ± 8 


630 ± 20 


Cervelet 


110 ± 2 


260 ± 16 


810 ± 4 


Striatum 


130 ± 8 


230 ± 12 


1 970 ± 90 


Coeur 


10 ± 0,6 


41 ± 3 


100 ± 5 


Foie 


11 ±0,4 


54 ± 12 


150 ± 4 


Muscle squelettique 


9 ±2 


38 ± 3 


19 ± 0,2 


Surr&iales 


24 ± 0,8 


200 ± 9 


81 ± 2 


Pancreas 


14 ± 0,5 


120 ± 2 


33 ± 0,6 


GrSle 


20 ± 1 


68 ± 1 


44 ± 11 


Rate 


37 ± 3 


190 ± 20 


160 ± 6 


Reins 


22 ± 2 


104 ± 10 


98 ± 3 


Estomac 


13 ± 1 


85 ± 5 


23 ± 1 


Testicules 


15 ± 1 


60 ± 2 


37 ± 2 


Pournons 


40 ± 3 


310 ± 30 


64 ± 3 



— . — — . p 

«?':' s. 

Au niveau des-glandes gastriques isolees, certains travaux realises 
in vitro (6, 7) avaient montre que la forskoline etait capable d'activef 
la secretion d'acide et de pepsinogene avec une augmentation conco- 
mitante des niveaux d'AMP cyclique et de Pactivite des proteines kinases 
dependantes de TAMP cyclique. De plus, ces memes auteurs avaient 
montr£ que la secretion acide et la respiration cellulaire stimulees par 
la forskoline etaient inhibees par la cimetidine, suggerant qu'elle agissait 
egalement en potentialisant Taction de rhistamine endpg^ne. Cependant, 
aucune experimentation in vivo n'est venue completer ces observa- 
tions. 

Nous nous sommes propose dans cette etude d'examiner en parallele 
l'effet de la forskoline sur la secretion acide du rat anesthesie k estomac 
perfuse selon Ghosh et Schild (8) et sur la captation de la [ 14 C]-amino- 
pyrine et les niveaux d'AMP cyclique intracellulaire par les cellules 
parietales gastriques isolees de la muqueuse fundique de Lapin (9) 
de manidre k preciser l'effet propre de la drogue sur la secretion d'acide 
gastrique. 

Materiels et methodes. — La forskoline (7(3~acetoxy-8,13-epoxy- 
la, 6(3, 9-trihydroxylabd-14-en-ll-one) provient de Sigma, saint-Louis 
(USA) ainsi que rhistamine et 1'IBMX (3-isobutylmethylxanthine). 
La gastrine (Nle 15 -HG-17) est un don du Professeur Moroder du Max- 
Planck-Institut de Munich. La solution saline de Earle provient de 
Biomerieux (France) et la collag6nase (0,8 U/mg) de Serva (Heidelberg, 
RFA). La dimethylaixiine-[ 14 C]-aminopyrine (118 mCi/mmol) provient 
d'Amersham (Grande-Bretagne). 
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A. Preparation des cellules isolees. Test a la | I4 C]-aminopyrine 
Niveaux intracellulaires d'AMP-cyclique. — Les cellules de la 
muqueuse fundique de Lapin ont 6t6 isolees par digestion enzymatique 
avec la collagenase et l'EDTA selon une methode deja decrite (9) 
En bref, la muqueuse est grattee et les fragments de tissus finement 
haches sont disperses dans un milieu A (132 mM NaCl, 5 4 mM KC1 
5 mM Na 2 HP0 4 , 1 mM NaH 2 P0 4 , 1,2 mM MgS0 4 , 1 mM CaCl,' 
25 mM HEPES, 0,2 % glucose, 0,2 % BSA, 0,02 % rouge de phenol' 
ajuste a pH 7,4) contenant 0,25 mg/ml de collagenase et 0,3 mg/ml 
de pronase. Apres 15 min d 'incubation a 37° C, le milieu est enleve 
les fragments de tissu sont laves dans un milieu A sans CaCl 2 ni MgSO ' 
et contenant 2 mM EDTA, puis incubes 10 min a 37° C. Les fragments 
sont ensuite incubus a nouveau avec 0,25 mg/ml de collagenase dans 
du milieu A pendant 15 min a 37° C suivie d'une autre incubation de 
20 mm dans le meme milieu a la meme temperature. Toutes ces opera- 
tions sont realisees sous atmosphere d'un melange d'0 2 et de CO 
(95 % /5 %). Les cellules obtenues sont centrifugees a 200 x g pendant 
5 min et reprises dans du milieu B (solution saline de Earle 
contenant 10 mM HEPES et 0,2 % BSA, ajustee a pH 7,4) et filtrees 
sur tamis de nylon. La preparation ainsi obtenue contient 40-45 % 
de cellules pari&ales dont 95 % presentent les caracteres histochimiques 
de viabilite. Cette population encore heterogene est ensuite triee par 
elutnation centrifuge dans un rotor Beckman JE6-B : trois fractions 
sont collected a 2 100 rpm en augmentant le flux de liquide 
de 24 ml/min (fraction I) a 44 ml/min (fraction II) puis a 68 ml/min 
(fraction III). Estimees par colorations specifiques, la fraction I contient 
plus de 70 % de cellules a mucus (diametre 9-12 |xm), la fraction II (dia- 
metre 12-16 pm) contient 50 % de cellules principals et 50 % de 
cellules a mucus et parietales, la fraction III (diametre 16-20 fxm) contient 
75 % de cellules parities et quelques agglomerats de cellules a mucus. 

Pour la mesure de Taccumulation de [ 14 C]-aminopyrine, les cel- 
lules (1,5 million par ml) sont incubees dans le milieu de Earle avec 
0,05 (xCi de [ 14 C]-aminopyrine en presence ou non des divers stimulants 
pendant 20 min a 37° C sous atmosphere de 0 2 /C0 2 . Des fractions 
ahquotes (3 fois 0,4 ml) pour chaque point sont pr61evees du milieu 
d'incubation et centrifugees sur 0,9 ml de milieu B glace a 9 000 x g 
durant 1 min. Le surnageant est aspire" et le culot cellulaire repris par 
0,1 ml de HC10 4 a 10 %. La radioactivite associee aux cellules est 
mesuree par scintillation liquide (Kontron Betamatic II). L'accumu- 
lation d'aminopyrine est exprimee en pourcentage de la radioactivite 
totale presente dans l'6chantillon. 

Les niveaux d'AMP cyclique intracellular sont lvalues de la maniere 
suivante : les cellules (1,25 million par ml) sont preincubees 5 min 
a 30° C dans le milieu B. Puis, des aliquotes de 0,4 ml de la suspension 
sont incub6s, avec differentes concentrations de forskoline en presence 
de 10 nM d'IBMX, pendant 5 min a 37° C. La reaction est arretee 
par addition de 0,1 ml d'acide trichlorac6tique a 40 % et avec 4 000 cpm/ 
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tube de [ 3 H]-AMP cyclique, Les tubes sont centrifuges pendant 15 min 
a 4° C a 2 500 x g. Les surnageants sont collectes et TAMP cyclique 
est extrait par 4 fois 5 ml d'ether sature d'eau. La phase etheree est 
evaporee et le residu redissous dans 0,5 ml de tampon acetate 0,06 M 
ajuste k pH 6,2. La radioactivity en [ 3 H] d'aliquote de 0,05 ml de chaque . 
tube est mesuree par scintillation liquide dans ACS (Amersham), pour 
determiner le rendement d'extraction. Les quantites d'AMP cyclique 
sont evaluees par dosage radioimmunologique (trousse de New England 
Nuclear) et exprimees, apres correction du rendement, en picomoles 
produites par million de cellules pour 5 min d 'incubation. 

B. Mesure de la secretion gastrique acide in vivo. — Les proprietes 
secretaires de la forskoline ont ete determinees sur le module du Rat 
anesthesie k estomac perfuse selon le protocole experimental de Ghosh 
et Schild que nous avons modifi6 (8). Des rats males de 300 g anesthesies 
a l'urethane par voie i. p. ont 6t6 tracheotomises. Une premiere canule 
est placee dans l'oesophage et une seconde dans le duodenum. Une pompe 
peristaltique d'un debit de 3 ml/min permet d'etablir un circuit ferme 
gastro-duodenal. Le liquide qui circule dans la cavite gastrique est 
un solute propionique-succinique (acide propionique 1,3 mM, acide 
succinique 1,65 mM et NaOH 3,3 mM, ajuste k pH 5,5) maintenu 
k 30° C. 

La secretion acide est suivie par enregistrement continu du pH du 
solute. Les sScretagogues sont injectes par voie i.v. et la reponse secre- 
toire est enregistree sur 40 min. La difference entre le pH minimal 
mesure et la valeur du pH extrapotee a partir de la ligne de base au 
meme moment est determinee sur le trace. Les resultats sont exprimes 
en [imoles de H + secretes. 

Resultats. — S^cr^tion acide des cellules Isoldes. — La base 
faible radiomarqu£e [ 14 C]-aminopyrine s'accumule dans les espaces 
acides de Ja cellule parietale lorsque le pH du milieu est inferieur a 
son pKa. Cette accumulation est d'autant plus importante que le milieu 
est plus acide : cette methode est un test in vitro de la secretion acide 
des cellules parietales gastriques isolees. 

L'histamine augmente de fa?on dose-d6pendante Taccumulation de 
[ 14 C]-aminopyrine dans les cellules parietales isolees (Fig. 2). La CE 50 
evaluee graphiquement sur la figure 2 est de 0,5 [iM pour la forskoline 
et de 2 fxM pour l'histamine. La forskoline induit une accumulation 4 fois 
plus elevee d'aminopyrine que l'histamine avec une reponse maximale 
pour la concentration de 10 fiM (10 fois inferieure k celle de l'histamine). 
De la meme mani&re, le dibutyryl AMP cyclique induit une accumula- 
tion d'aminopyrine dose-dependante avec une CE 50 de 0,5 mM, 
soit 1 000 fois plus 61ev£e que celle de la forskoline. 

Le mecanisme de stimulation de la secretion d'acide mis en jeu est 
lie a la production d'AMP cyclique dans les cellules parietales isolees, 
comme le montrent les valeurs des concentrations intracellulaires de 
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Fig. 2. — Accumulation de [ 14 C]-aminopyrine dans les cellules partetales isotees. 

Les valeurs (db D. S. de 3 determinations s6par£es) sont exprimSes en % de la radio- 
activity totale mesurds en pr&ence de diflterentes concentrations de stimulant hista- 
mine (o), forskoline (■), db-cAMP (•). 



ce nucleotide en l'absence et en presence de forskoline. L'histamine, 
a la concentration ou elle produit une reponse secretoire maximale, 
entraine egalement une elevation du niveau intracellular d'AMP 
cyclique (Fig. 3). Dans les memes conditions, la forskoline produit 
une augmentation 4 fois plus elevee. Toutefois, la valeur maximale 
ne semble pas atteinte meme k la concentration de 0,1 mM de forskoline. 

S£cr6tion gastrique acide in vivo. — Le modele du Rat anesthesia de 
•Ghosh et Schild est particulterement sensible k la gastrine : elle provoque 
une reponse secretoire acide rapide et la reponse maximale est fonction 
du nombre de cellules partetales secr&rices (Fig. 4). Cette reponse 
secretoire k la gastrine est dose-dependante (DE 50 : 0,08 nmol/kg). 

L'histamine provoque egalement une reponse secretaire dose-d6pen- 
dante, mais les doses necessaires pour obtenir cette reponse sont consi- 
derablement plus elev6es (DE 50 = 10 fxmol/kg), la secretion acide 
gastrique du Rat etant peu sensible k l'histamine. Sur ce module pharma- 
cologique, la forskoline entraine une reponse dose-d6pendante dont 
la puissance (DE 50 : 100 nmol/kg) est interm&Iiaire entre celle de l'his- 
tamine et celle de la gastrine. Les pentes des courbes dose-reponses 
sont parallSles et la valeur maximale est la meme pour les trois stimulants 
utilises. 
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Fig. 3. — Concentrations d'AMP cyclique dans les cellules parfetales isolees. 

Mesurees par dosage radioimmunologique apres extraction, les concentrations sont 
exprimees en (xmoles d'AMP cyclique par million de cellules pour 5 min d'incubation 
(± DS de 3 determinations s6par6es). Les mesures sont realises en presence de 50 \iM 
d'IBMX pour inhiber l'activite phosphodiesterase. 

C : cellules F3 sans stimulant; H : cellules en presence d'histamine 10|jtM; Fl : 
cellules en presence de forskolihe 1 |iM; F2 : cellules en presence de forskoline 10 |xM; 
F3 : cellules en presence de forskoline 100 fiM. 
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Fig. 4. — Courbes doses-reponses de la secretion gastrique acide 
chez le Rat anesthesie h estomac perfuse. 
, Les stimulants [gastrine (•), histamine (o) et forskoline (□)] ont 6t6 injectes par 
voie intraveineuse apres stabilisation de la secretion acide basale. Les experiences ont 
6te r^alisees sur 3 animaux par dose de forskoline et sur 15 animaux par dose pour 
les autres stimulants. 

Les valeurs (± DS de 3 ou de 15 determinations separ£es) sont exprimees en jxmoles 
de H + secretees pour 40 min de stimulation. 
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La cimetidine (antisecr&oire gastrique utilise en therapeutique, k 
activite anti-histaminique H 2 ) ne pr&ente pas d'effet inhibiteur majeur 
sur la secretion basale du Rat, ni sur la reponse induite par la forskoline. 
Par contre, elle effondre totalement la reponse acide induite par Thista- 
mine et a 90 % celle induite par la gastrine (Tableau II). 

Tableau II. — Secretion acide induite par la forskoline 
chez le Rat anesthesid. Effet de la cimetidine. 



Reponse s6cr6toire acide (yunol H + ) 
Dose (nmol . kg* 1 ) — 

seule + cimetidine 5 mg. kg- 1 



80 7 ± 1,5 6,6 ± 1,2 

120 15,5 ± 2,2 16,5 ± 1,8 



La forskoline et la cimetidine ont €t6 inject6es par voie i. v. apres stabilisation de la 
secretion acide basale. Les experiences ont 6te realisees sur 3 animaux. Les valeurs 
sont exprimees en jxmoles de H + secretees pour 40 min de stimulation. 

Discussion. — Isolee k partir des racines de Coleus forskohlii, la 
forskoline a 6te caracterisee comme un des diterpenes (isom&re C) 
activateur direct et permanent de la sous-unite catalytique de Tade- 
nylcyclase membranaire d'un certain nombre de tissus. Dans Testomac, 
elle stimule cette activity enzymatique adenylcyclase sur des membranes 
preparees k partir de Tensemble de la paroi gastrique (4). Sur des pre- 
parations de glandes gastriques isolees (6), des resultats comparables 
ont et6 obtenus, et montrent une correlation entre la consommation en 
oxygene et Taccumulation d'aminopyrine. 

Nos resultats obtenus sur cellules parietales isolees sont en accord 
avec ceux de la literature. Cependant, les valeurs de Taccumulation 
d'aminopyrine et des niveaux d'AMP cy clique obtenus en presence 
de forskoline sont beaucoup plus elevees (4 fois) que dans le cas des 
glandes, ce qui traduit la participation directe des cellules parietales 
dans la reponse a la forskoline au niveau de la glande fundique. L'obser- 
vation decrite dans la litterature de Taction inhibi trice de la cimetidine 
sur la reponse secretaire acide des glandes gastriques isolees stimulees 
par la forskoline (7) suggSre que le diterpSne potentialise Taction de 
['histamine endogene liberee au niveau des glandes. Ce phenomene 
n'a pas ete observe dans nos experiences avec les cellules isolees. 

Sur le module in vivo du Rat anesthesie k estomac perfuse, la fors- 
koline stimule de fa$on dose-dependante la secretion acide gastrique 
avec une DE 50 correspondant sensiblement au 1/100 de la DL 50 mesuree 
chez la souris (10 p.mol/kg par voie i.v.) (10). 

Dans nos experiences, Teffet stimulant de la forskoline sur la secre- 
tion est observe dans les 5 min qui suivent Tadministration i.v., ce qui 
est compatible avec la demi-vie in vivo qui a 6te 6valuee k environ 
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15 min (11). Si Ton compare la DE 50 de la forskoline a celle du dibu- 
tyryl AMP cyclique pour induire la secretion acide, les resultats sont 
en faveur de la forskoline qui se trouve etre, dans ce moddle, environ 
100 fois plus puissante (12). Par ailleurs, si l'on estime la volemie du 
Rat de 300 g a 25 ml, la DE 50 pour la forskoline correspondrait a une 
concentration sanguine de 1,2 jaM. Cette valeur est du meme ordre de 
grandeur que celle observee pour induire la secretion acide des cellules 
parietales in vitro (CE 50 : 0,5 fxM). Malgre la difference notable dans 
la taille et la fonction metabolique des compartiments, dans lesquels 
la forskoline a et£ placee, cette observation semble indiquer qu'elle 
stimule la secretion acide par elle-meme, sans biotransformation. 

D'autre part, la cimetidine est sans effet sur cette reponse secretaire 
in vivo, ce qui laisse suggerer que, dans ce module, la participation de 
rhistamine endogene invoquee k propos de l'effet de la cimetidine 
sur les glandes gastriques (7) est sans consequence sur la reponse secre- 
toire a la forskoline. 

Ainsi,l 'association des effets in vitro et in vivo de la forskoline sur 
la secretion gastrique acide demontre que cette substance se comporte 
comme un stimulant de la secretion gastrique k part entidre. 
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[Is forskolin a stimulant of gastric secretion?] 

[Article in French] 

Choquet A, Magous R, Galleyrand JC, Bali JP. 



Laboratoire de Biochimie des Membranes, CNRS UPR-41, INSERM U-249, 
Faculte de Pharmacie, Montpellier. 

The diterpene, forskolin, direct activator of the catalytic subunit of the adenylate 
cyclase from various tissues, also stimulates gastric acid secretion: in vitro, with an 
isolated parietal cell preparation, forskolin dose-dependently stimulated acid 
secretion (EC50: 1 microM) (measured by accumulation in the acidic spaces of the 
weak base [14C]-aminopyrine) and the maximal acid secretory value at 0.1 mM 
was 4 times higher than that obtained with histamine. Forskolin dramatically 
increased the production of intracellular cyclic- AMP at a level 4 times higher than 
that obtained with histamine at the same concentration. In vivo, gastric acid 
secretion of the rat is dose-dependently increased. The doses required to get a 
significant response (100 nmol/kg) were 1,000 times higher than those required for 
gastrin and 100 times lower than those for histamine, but the same maximal value 
was obtained. Cimetidine did not significantly modified this response. These results 
demonstrate that, both in vitro and in vivo, forskolin is a potent stimulant for gastric 
acid secretion. 

PMID: 2852529 [PubMed - indexed for MEDLINE] 
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CART Peptides in the Central Control 
of Feeding and Interactions 
With Neuropeptide Y 

PHILIP JD. LAMBERT,* PASTOR R. COUCEYRO, KATHLEEN M. MCGfllR, 
STEPHANIE K. DALL VECHIA, YOLAND SMITH, and MICHAEL J. RUHAR 

Nedrostience Division, Yerkes'Rsgianal Primate Research Cefiter, Atlanta Georgia 30329 

KEY WORDS NFY; paraventricular nucleus; immunobistochemistry; cocaine 

ABSTRACT While CART, peptides have been implicated as novel, putative peptide 
neurotransmiitters/c^ effects of these peptides have not yet been 

demonstrated. In this study, we show the first behavioral effect of CART peptides. Jcv 
administration of CART peptide.fragments inhibits feeding in rats. Moreover, injection of 
an antibody to CART, peptide 82-403 stimulates feeding, suggesting that endogenous 
CART peptides exert an inhibitory tone: on feeding, injection of CART peptide 82-103.five 
min before NPY reduces the increase in feeding caused by injection of NPY alone. Also, in 
light microscopic unmunohistochemical studies, NFY-positive varicosities were observed 
around CART peptide-positive cell bodies in the paraventricular nucleus of the hypothala- 
mus. These data suggest functional interactions between CART peptides and NPY. These 
results indicate that CART peptides play arole in the control of food intake by the brain. 
Synapse 29:293^298, 1998. © 1998 Ww-Ubb, inc. 



INTRODUCTION 

CART (cocaine- and amphetamine-regulated tran- 
script) was identified as a rhRNA that increased in rat 
striatum after acute administration of psychostimu- 
lants (Douglass et al., 1995), It was subsequently 
shown to be one of the most abundant: regionally 
specific mRNAs in the hypothalamus (Gautvik et al, 
1996), and in situ hybridization studies show it. to be 
discretely localised to specific nuclei throughout the 
brain (Couceyro et al,, 1997; Douglas?; et al., j995)^The 
deduced amino acid sequence (Fig. la) shows that the 
translated product would have a . leader sequence and 
several pairs of basic amino acids, suggesting that it is 
processed and secreted. Immunohistochemical results 
sltow that CART peptides are in the same neuronal cell 
groups that contain the CART mRNA (Koylu et al., 
1997, 1998) and two CART peptide fragments have 
been identified in hypothalamic extracts (Spiess et al., 
1981). Only partial sequencing of the- fragments was 
carried out and the full sequence of the extracted 
fragments remains undetermined. At.the electron micro- 
scopic level, CART peptide immunoreactivifcy was found 
in nerve terminals and in large dense core vesicles 
(Smith et al., 1997). The peptide structure and its 
localization to certain neurons, terminals, and vesicles 
suggest that CART peptides represent a novel family of 
peptide neurptransmit^r/cotransmitters. Considering 

the inhibitory effect of cocaine on food intake, and the 



presence of CART peptides in brain areas involved in 
the physiological control of feeding behaviour (Koylu et 
al., 1997), we chose to investigate the effect of icv CART 
peptides on food intake. This study shows for the first 
time that CART peptides have an action in the brain to 
inhibit food intake and may have both functional and 
anatomical interactions with the neuropeptide Y (NPY) 
system, 

MATERIALS AND METHODS 
lev Injections and Food Intake Measurement 

Male rats (Sprague-Dawley; Charles River Laborato- 
ries, WUmington, MA), average body weight 300 g, were 
boused singly under a controlled reverse light-dark 
cycle (12 hours each phase, lights off 10 am) in a 
temperature-controlled environment. Food and water 
were available ad libitum. Rats were anaesthetized 
with an injection of ketamine (Ketaset, Fort Dodge 
laboratories, IA; 100 mgAnl; 0.2 ml ip.) followed by a 
single injection of sodiuin pentobarbital (Veterinary 
Laboratories, Inc., KS; 65 mg/ml; 0.2 ml ip.). Once 
anesthesia had been established, the rat's head was 
fixed in a stereotaxic frame and a single guide cannula 



^Correspondence to: 'Dr. Philip D. Lambert, Neuroerience Division, Yeritos 
Regional Primate Research Canter, Emory University, 954 Gulewoed Road, NJ3-, 
Atlanta GA 30329. E-mail; pJawbQr@amory.edu or nxkah^nny-emory-ydu 
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a) CART PROTEIN AMINO ACID SEQUENCE 

(1) MESSRLBLLPVLGAAIXLLLPLLGAGA (27) 
(28) QEDAELQPRALDIYSAVDDASHEKELP (54) 
(55) RRQLBAPGAVLQIEALQEVLKKLKSiCR (81) 
(82) mVEKgyGdyP MCDAGEOCAV^' 
(106) GAWGKLCDGPRGTSCNSFLLKCL 



(105) 
(12?) 
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Fig. i. EGcci of icv inaction or CAIiT peptide fragments on dark 
phase food intake in the rat. a: CART peptide sequoncc.Tne amino 
acid sequence of CART peptide is Rhowii NumV«rS in par^tbeaui 
indicate Che amino acid reside Tho portion of'the peptide invesu- 
rated in the text is underlined and fhi#»ente studied arc. found 
between potential proceaaiiuj siten shown in italics, b: Effects of CART 
peptides 82-86; 82-10D, a*d 89-103 (4 nmol/5 pi; icv) o» ^k-phwe 
food intake (g/2 hour) compared to 0.9 % S3 line (sal) fn « 5-13). cj DoaC 
response curve for CART 62-103 (OA A r 40 nmol/5 pi; icv) -on 
dark-phase food intake (g/2 hour) (n = 7). See text for details. 
Statistical analysis of data shown, in b and c was by pauca f-tefit. 
•Statistically significant differences from sa) giuupi r < 0.05; 



(22 gauge; Plastics One lac, Roanoke, VA) was im- 
planted just above the lateral ventricle (AP +0.8, L 1.4, 
V -3.0). Three stainless steel screws were attached to 
the skull and the cannula was used ia place, using 
dental cement applied around the screws and the 



cannula. A 26 gauge stainless steel Hush-fitting stylet 
(Plastics One Inc.) was inserted into the cannula to 
prevent blockage. Animals were allowed at least 5 days 
to recover from surgery before being used in the experi- 
mental procedure. Forty-eight hours prior to the experi- 
mental procedure, all animals were injected icv with 
human angiotensin II (150 ng per rat; Sigma, St. Louis, 
MO) and only those that demonstrated a marked 
dr^ting .response, within 10 minutes of injection, were 
included in the studies. Infusions were made on con- 
scious rats in their home cage. The stylet was removed 
and a 26 gauge steel cannula projecting 1 mm below the 
guide cannulae was inserted. The injection cannula 
(Plastics One Inc.) was connected via tubing (Iatra- 
medic PB20 polyethylene tubing; Clay Adams) to a 10 
ml Hamilton (Reno, NV) syringe driven by a Hamilton 
Apparatus 22 infusion pump. The syringe and tubing 
were filled with sterile 0.9% NaCl and a small air 
bubble was used to separate the infused solution from 
the salino and also acted as a convenient index of a 
successful infusion. All peptides were dissolved in 0.9% 
saline at concentrations requiring a 5 ul icv injection. 
All solutions were infused over a 2-minute period and 
the infusion connulae were left in place for a further 
minute. All animal procedures were performed accord- 
ing to rules established by the National Institutes of 
Health Guide for the Care and Use of Laboratory 
Animals, and the Institutional Animal Care and Use 
Committee of Emory University. 

Following infusion, the animal was placed in the test 
arena (home cage without bedding) along with a pre- 
weighed amount of rat chow and free access to water. At 
the end of a 2-hour test period, all remaining food was 
collected and reweighed to determine total food intake. 
In experiments investigating the effect of CART pep- 
tides (Neurocrine Biosciences Inc., San Diego, CA; 
Multiple Peptide Systems, San Diego, CA) or antisera 
to CART 82-103 (Cocalico Inc., Reamstown, PA) on 
dark-phase feeding, icv injections were made 10 min- 
utes prior to lights out. Polyclonal antisera were raised 
against CART 82-103 and were specific to that peptide 
(Koylu et al., 1997, 1998). NPY-induced food intake 
experiments were carried out in the light phase with an 
icv injection of CART peptide given 5 minutes before icv 
NPY injection. All experiments were conducted in a 
crossover design with each animal receiving an icv 
injection of peptide on test day 1 followed by saline on 
test day 2, or vice versa. In this way, each animal served 
as. its own control and the data facilitated the use of 
more powerful paired statistical methods. A period of at 
least 48 hours was allowed between test days. All data 
were grouped by treatment, mean and standard errors 
of the mean were calculated, and significant differences 
between groups were assessed U6ing a paired *-test or 
in the case of multiple treatments an ANOVA followed 
by Tukey's post-hoc test. 
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Tissue Preparation for Immiinobistochemistry 
Three adult male Sprague-Dawley rat3 (200-250 g) 
were deeply anesthetized with an overdose of pentobar- 
bital. The animals were then perfusion-fixed with ,a 
Ringer solution and a fixative containing 4ft paraformal- 
dehyde and 0.1% glutaraldehyde in phosphate buffer 
(0.1M, pH 7.4). All animal procedures were performed 
according to rules established by the National Insti- 
tutes of Health Guide for the Gare and Use of Labora- 
tory Animals, and the Institutional Animal Care and 
Use Committee of Emory University The brains were 
cut in 60-um-thiclt sections with a vibrating microtome 
and processed for immunohistochemistry at the light 
microscopic level. 

Simultaneous Immunohistochemical 
Localization of CART and NPY 

Sections were prctreated with sodium borohydrido 
(1% in phosphate buffered saline IPBS], 0-OlM, pH 7.4) 
for 20 minutes, and preincubated with 1% normal goat 
serum (NGS; Vector Laboratories, Burlingame, CA), 1% 
bovine serum albumin (BSA; Sigma), and 0.4% Triton 
X-100 in PBS for 1 hour. They were then incubated, at 
4°C for 48 hours in the primary antibody solution. The 
CART peptide antibodies were prepared by Cocalico 
Inc. (Reamstown, PA) using standard procedures. The 
preparation and tests for the sp'ecificity of the CAJIT 
antisera are described elsewhere! only the immunizing 
peptide blocked immunohistpchemical staining and 
preimmune serum gave no significant staining (Koyhi 
et aL, 1997, 1998). In the present study, we used a 
rabbit polyclonal antiserum (1:5,P00 in 1% NGS, 1% 
BSA, 0.4% Triton X-100 in PBS) directed against the 
deduced peptide segment CART 106-129 from rat. 
CART. After thejprimary incubation, the sections were 
incubated for 90" minutes at room temperature with 
biotinylated goat anti rabbit IgGs (Vector Laboratories; 
1:200 dilution) in PBS containing 1% BSA, 1% NGS, 
and 0.4% Triton X-100. The sections were then washed 
three times {10 minutes each) in PBS before being 
placed in a solution containing ayidin-biotin peroxidase 
complex (ABC; Vector Laboratories; 1:100 dilution) and 
1% BSA in PBS. They were then washed in PBS and 
THIS buffer (TBS; 0.05M, pH 7.6) prior to a 10-minute 
incubation in 3,3' diaminobenzidine (DAB; 0.025%), 
ammonium nickel sulfate (Ni-DAB; Fischer Scientific, 
Pair Lawn, NJ; 0.35%), and 0.0006% hydrogen peroxide 
to localize the immunoreactivity. The reaction was 
stopped by repeated washes in PBS. The Ni-DAB- 
stained sections were then incubated overnight at 4°C 
in a sheep anti- NPY antibody solution (Chemicon, 
Temecula, CA; 1:3,500 dilution), 1% NGS, 1% BSA, and 
0.4% Triton X-100. After three washes; (10 minutes 
each) in PBS, the sections were incubated for 90 
minutes at room temperature with.biofthylated donkey 
anti Sheep IgGs (Sigma; 1:50 dilution), 1% BSA, 1% 



NG.S.and 0;4% Triton X-100. Following three washes 
(10 minutes each) in PBS, the sections were placed in a 
solution containing ABC (1:100 dilution) and 1% BSAin 
PBS for 90 minutes at room temperature. Washes jn 
PBS and TRIS buffer preceded incubation in DAB 
(0.025%)» 0.01 M Imidazole, and hydrogen peroxide 
(0.006%) for 10 minutes (Wouterlood et al., 1987). The 
sections were then mounted on chrome-alum/gelatin- 
coated slides, dehydrated, and a .coverslip was applied 
with Permount 

Control experiments were carried out for the double 
labeling studies. Controls included sections processed 
for CART or NPY immunostaining alone or sections 
processed for the double immunostaining except that 
each of the primary antibodies was omitted in turn 
from the incubation solutions. The distribution and 
quality of the immunostaining for CART aDd NPY in 
the single stained sections were comparable to that 
obtained after double iinmunostaining, which indicates 
that there was no loss of immunoreactivity induced by 
the double labeling procedures. After omission of each 
primary antisera, sections were stained only with 
Ni-DAB when the NPY antibodies were omitted or only 
with.Ni-DAB when the CART antibodies were omitted. 
The pattern of staining for each antisera corresponded 
to that seen in single stained sections irrespective of the 
chromogen that has been used. This indicates that 
there was no nonspecific staining generated by poten- 
tial cross-reactions between the two chromogchs. 

RESULTS 

The CART peptide fragments (Fig. la) chosen for 
study (82-86, 82-103, and 89-103) were based on 
possible processing patterns, immunoreactivity data 
(Koylu et aL, 1997, 1998), and literature findings 
(Spicss etal., 1981). 

Peptide fragments were injected into the lateral 
ventricle of male rats via a chronically implanted 
cannula. A pump was used to ensure smooth and 
reproducible delivery of the peptides (2.5 ul/niin). Ini- 
tially, various CART peptides were injected in equimolar 
quantities, and food intake in the first 2 hours of the 
dark phase was measured (Fig, lb). CART 82-103 (4 
nmol/5 ul) and 89-103 (4 nmol/5 pi) reduced food intake 
by 26 and 40%, respectively, compared to injection of 
saline (5 pi); the effect of CART 82-86 (4 nmol/5 ul) was 
not different from saline. lev injection of 0.4, 4, and 40 
nmol of CART 82-103 resulted in a dose-dependent 
trend in the inhibition of food intake (Fig. lc). 

lev injection of polyclonal antisera raised against 
82-103 produced a volume dependent (1, 3, 5, 10 ul) 
increase in food intake compared to injection of pre- 
:immuue sera (Fig. 2a,b). The effect of preimmune 
serum- was not statistically different from saline injec- 
tions (data not shown). The finding that the effect of the 
antisera was stimulatory and opposite to the effects of 
the peptides strongly suggested that the observed 
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in b was by on«-way repeated mwufuxefl ANOVA0Ptf,13) = 21.8, P < 
0.001) followed- by 0 post hoc Tukey teal. *P < 0.06 compared to pre 
fTroup. 



effects of the peptides were not nonspecific and reflected 
the activity of endogenous CART peptides. Further/the 
stimulation caused by the antisera suggests that endog- 
enous CART peptides exert an inhibitory tone on 
feeding in the first 2 hours of the dark phase. 

Neuropeptide Y (NPY) is the most powerful stimu- 
lant of feeding known (Clark et al., 1984: Lambert et al, 
1993a) and has been shown to functionally interact 
with other hypothalamic neuropeptides, such as dynor- 
phin (Lambert et al., 1993b) and GLP-1 7-36NH* 
(Turton et al., 1996) in the central control of foodintake: 
CART peptide-immunoreactivity is found in hypotha- 
lamic nuclei containing NPY (Kbylu et al., 1997), and it 
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Fig. 3. Effecin of a 5-minutc pretreatment with 0.9 % saline (eal, 5 
ul- icv) or CART 82^108 (4 nmol/5 yd: icv) on NPy-induecd food intake 
(g/ 2 hour) in the rat to - 6). Statistical analysifl of data waa by paired 
r-tesl. ^Statistically si&nUicant difference ffODO aal/NPY group, 
P<Q.Ql 

is generally accepted that central satiety factors would 
interact with the NFY system to achieve a fine control 
on feeding behavior. Therefore, we sought to determine 
if both Junctional and anatomical interactions between 
CART peptides and the NPY system exist. NPY is well 
established as a powerful orcxigenic agent and we show 
here that icv injection of NPY (2.4 nmol/5 ul) dramati- 
cally increased 2-hourly food intake (10 ± I g) com- 
pared to injection of saline (1.0 ± 0.4 g) (Fig. 3). 
Interestingly, icv injection of CART 82-103 (4 u nmol/ 5 
ul) 5 minutes before injection of NPY (2.4 nmoVS ul) 
significantly attenuated the feeding response to NPY 
(7.7 ± LI g) (Fig. 3). 

Having demonstrated the effect on feeding of an 
interaction between CART 82-103 and NPY, we con- 
ducted iromunohistochemical studies in the rat paraven- 
tricular nucleus of the hypothalamus (PVN), at the 
light microscopic level, to test if there was an anatomi- 
cal interaction between NPY and CART peptide- 
immunoreactive elements. An antibody against CART 
peptide 106-129 was used for the.immunohistochemi- 
cal localization studies. The distribution of CART pep- 
tide, immunoreactivity at the level of the PVN was 
similar with either CART 52-103 or CART 106^129 
antisera (Koylu et al., 1997). However, CART 106-129 
antisera gave more consistent results in the double 
labeling studies with NPY presented here. In double 
immunostained sections, NPY-contaming varicosities 
were found to form dense pericellular baskets around 
£he perikaya of CART peptide-immunoreactive neurons 
in the parvicellular region of the PVN (Fig. 4b,c). 
Electron microscopic studies are underway to verify the 
possibility that NFY-immunore active terminals estab- 
lish direct synaptic contacts with CART peptide- 
cohtaining neurons in the rat and monkey PVN. Frclimi- 
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Fig. Light microscopic imtaunobUtochoznical localiziitiou of 
CART peptides and NPYifl the paravesicular micloua of the 
hypothalamus of the rut & Double iimnunoatainad sections for CART 
peptide, iiwnuaoreactivity (NiDAB, blue) and NPY itpmunorOactivity 
(DAB, brown) in the paraventricular nucleus of the hyppl^rpus in 



nary electron, microscopic data show CART peptide- 
positive cell bodies and NPY-positive elements in 
apposition (data not-shown). 

DISCUSSION 

CART peptides are putative neurotransmitter/co- 
transmitters (Couceyro et al r| in press; Douglass et al., 
1995; Koylu et al., 1997,: 1998; Smith eta!., 1997);.The 
data shown Here are the: first to show any behavioral 
effects of CART peptides. We have utilized peptides in 
the region of CART 82^103 that are possible processed 
fragments of CART peptides found in tie hypottda- 
mus (Koylu et al., 1997; Spiess ^ al., 1981). CART 
82-103 and 89-103 show effects on feeding while CART 
82-86 did not While we cannot be sure that these, 
fragments are produced in the brain, they are likely to 
be active at endogsnoua receptors for CART peptides. 



the rat (scale bur «- 250 urn), b.d High-power view 8 of CABT paptida- 
ixnmunoreuclive cell bodies eurrounded by NFY-containing vui-jcosv 
tiftfl (arrowbe^) in thePVN (atolc bar = 20 pm). V3 = third vcotricle; 
ARC * arcuate nucleus; 



Certainly, the effects of antisenim to CART 82-103, but 
not preiminurie serum, indicate tonic, endogenous activ- 
ity of a peptide that is at least similar. 

AnefFect of CART peptide 82-103 on food intake after 
icv injection is consistent with CART peptide localiza- 
tion in the hypothalamus. A peptide containing the 
CART fragment 82-103 at its N-terminal has been 
identified in the hypothalamus (Speies et al., 1981) and 
we have identified iinmunoreactivity to CART 82-103 
in hypothalamic nuclei involved in the control of feed- 
ing and body weight (Koylu et al., 1997). In addition to 
the effect of CART peptides in inhibiting feeding, we 
also show an increase in food intake following icv 
injection of a polyclonal antisera raised against CART 
peptide 82-103. These data are critical in establishing 
a physiological role for endogenous CART peptides in 
the control of food intake. Neuropeptide Y is established 
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as an important central mediator of food intake (Clark 
et al., 1984; Lambert et aL, 1993a,b) and has a physic 
©logical role in the delicate balance between calorie 
intake and energy expenditure, which determines body 
weight (Leven and Routh, 1996; Wang et al., 1997). It 
seems probable that any central neuropeptide involved 
in reduction of food intake would have an interaction 
with NPY in order to achieve a fine" control of feeding. 
The data here further implicate CART peptides in the 
complex central control of fx>od intake by sbowing.both a 
behavioral and anatomical interaction with NFY. 

In summary, these data identify CART peptides as 
novel central components in the control of food intake 
and suggest a role for endogenous CART peptides as 
physiological satiety factors. The apparent interaction 
with NPY indicates that CART peptides can influence 
the known hypothalamic circuitry that regulates feed- 
ing. Studies elucidating the mechanisms by which 
CART peptides affect feeding are ongoing. Further- 
more, continuing studies ;are demonstrating that other, 
physiological processes ate mediated by CART pep- 
tides. These findings have boon presented in abstract 
form (Lambert et al, 1997). 
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Abstract 

the synaptic transmission using extracellular recoroinu h DO steynapHc potential 

app.Lon of caffeine (W^^^ 

(ffi PSP). Forskolin (25 (iM) by it, own did no "^^^ ^ profylline which has been 

sb o*n to exhibit some actions like caffeine d _ _ colic(! „, ra tlon (10 pM). However, 

the normal synaptic traasm* on 0' ■» ' ^££n» *i g nincanUy enhanced the (EPSP 

when the concentrations were increased to 20 and SO ^'^ °^^ m?$f J d promotion of LTP 
s.ope and prdmoted forsktfin-induced LTP. The ' ^ 

observed with enprotyilin* enggests that adenine A, anlagon^ . he JW» 
caffeine's effect. This hypothesis wa* further stre„ g thene '^^^^^a^ 
ind uced LTP wa* f . "Mar 

L^cS^ 

Key Words: caffeine, long-term potentiation, foiskolln, adenosine, hippocampus, e,-AMP 

. . j reticulum in striated muscle (18). However, his still 

Introduction Sol which of these effects is most relevant to 

Caffeine which is present in soft drinks c 9 ffee J-JJ— * ^SlS" 
t „, cocoa and chocolate is the most wjdely used *J*gJ^™^ \ 0 Lerlie -some forms of 

social drug in ihe world. The ^^V!^of ffitog »d memory (5). In hippocampal CA1 

rag of caffeine, the amount contained m .1 to 3 cups of learmn presynaptic cAMP level by 

coffee, increases alertness and allays drows.ncss and ■J^ 1 ^^,^; re ccptors or adenyly 

fatigue. As the dose of caffeine increased signs of activauo p Mhancemem of 

progressive CNS stimulation appeared,, inc lading Jjjj J^,, and LTP was not observed 

nervousness, anxiety, restlessness, insomnia, tremors g HowCver , when adenosine A, receptors 

and hyperesthesia. In more severe cases, focal and ; y kefl or lhe metabolism of cAMP was 

generalized convulsion may occur (4). ri i«nmted activation of adenylyl cyclase by forskohn 

5 m the cellular level, caffeine has been shown to *J^!™*J ^ tst ^ns suggest that it is 

inhibit cyclic nucleotide phosphodiesterase (23), to ino . h > ch acts on aocn osine A, receptors to 

antagonize adenosine ^^^Zo^Z 2KX3U#** In this study, we test 
with the uptake and storage of Ca- by the sarcoplasmic 
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rhe hypothesis that if caffeine can promote forskolin- 
induced LTP in the hippbcampal CAl neurons and 
whether this effect is due to blockade of adenosine Aj 
receptor. 

Materials and Methods 

Mule Sprague-Pawley rats of 5- to 7-week-old 
were decapitated aud the brains rapidly removed from 
the skull. Coronal slices of 400-450 Jim thick were cut 
and Lhc appropriate slices were placed in a beaker of 
artificial cerebrospinal fittid(ACSF). The ACSF was 
bubbled continuously with 95%Q r 5%C02>to maintain 
the proper pH (7.3/7.5). The composition of the 
ACSF solution was (in DlM): NaCl 117, KC1 4.7, 
CuCl 2 2.5, MgCl, 1 .2, NaHCQ., 25, NaH 2 P0 4 1.2 and 
glucose 1 1 . The slices were kepi at room temperature 
for at least one hour before being transferred to the 
recording chamber where it was held submerged 
between two nylon nets and maintained ut.32±)°C, 

Extracellular recordings of fliPSPa were 
obtained from stratum radialum using microelectrodes 
filled with 3 M NaCl (3-8 Mil). A bipolar stimulating 
electrode was placed in stratum radiatnm for 
stimulation of Schqffer c.ollaiml/commis\sural 
pathway. The stimulus duration was 150 K>s and the 
stimulus intensity was adjusted individually for each 
experiment to produce fEPSP which were -30-40% 
of the maximal responses lhar could be evoked. 
Experimental treatments were not initiated until the, 
response had been stable for at least 20 min. The. 
strength of synaptic transmission was quantified by 
measuring the initial slope of the fEPSP, The. fEPSP 
slopes were measured by linear regression of thejr 
initial rising phases, usually during the first 0.4-0.0 
ms alter their onset. Onset was taken after the afferent 
volley. 

Data were analyzed using p'Clamp data 
acquisition and analysis sofiward (Axon ins., Foster 
City, CA> USA) running on a PC5 86 computer. All 
data were expressed as meantS.E.M. Statistical 
analysis was performed using Student's Mest and ay? 
value of less than 0.05 was considered to be statistically 
significant. Forskoiin and caffeine were purchased 
from Sigma Chemicals (St. Louis, MO, USA), and 
other drugs were obtained from Research 
Biochcmicals International (Natick* MA, USA). 

Results 

The effect of caffeine on the fEPSP slope as a 
function of time Is illustrated in Figure L After the 
evoked responses were stable for 20-30 mini, caffeine 
was bath applied. At a concentration of 100 pM, 

caffeine increased the fEPSP Mope by an average of 

86±l 4% (n=7. /?<0.0()1). The effect of caffeine was 





ZOO « 




280 - 






i 


2D0 • 


O 


V 








o 


150 ■ 










SP 


100 ( 


a. 




e 






M • 




o-- 




0 



0.6 mV 




20 30 

Time (min) 

Fij> I. Reversible enhancement of fEPSP by caffeine. Tbc slope of 
(EPS'P wa.s pjpned a.< a fvnciion of time, Insei show* the records 
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reversible which returned to baseline level within 30 
min of washing with control ACSF.. 

Figure 2 showp that forskoiin at the concentration 
of 25 jiM had no significant effect on die fEPSP, a 
resultxonsistent with previous reports (9). However, 
in the presence of caffeine, forskoiin (25 |iM) induced 
LTP of the fEPSP slope in 8 out of 9 slices tested The 
slope of fEPSP remained. 167±12% of baseline (n=8, 
p<0.Q\) 60 min after washout of forskoiin. 

Caffeine could exert its effect by inhibiting 
phosphodiesterase (23), blocking adenosine A] 
receptors (8. 1.4). and releasing Ca** from intracellular 
stores' (13, 18). To determine which effect accounts 
for the promotion of forskoiin -induced LTP, we made 
Use of enprofylline which has been shown to exhibit 
some actions like caffeine but with a low adenosine 
antagonistic potency (11, 19). Figure 3 shows that 
low concentration (10 jaM) of enprofylline did not 
either affect the normal fEPSP (108+4% of baseline, 
h=7) or the effect of forskoiin (108±10% of control, 
n=7). However, when the concentrations' were 
increased to 20 and 50 ^M, enprofylline significantly 
increased the fEPSP by 46±15% (n=7, p<Q.Q\) and 
80±7% (n=7,/?<0.001) respectively, and subsequently 
promoted the forskolin-induced LTP. The slopes of 
fEPSP were 128lSlbll% (n=7,/><0.oj) and 1.84±11% 
(n=7 t 0<O.OOl) of control 60 min following washout 
of the drugs (Fig. 3). ' 

We speculated that the enhancement of fEPSP 
and promotion of forskolin-induced LTP by 
enprofylline was. due to lis antagonism of adenosine 
A | receptor by testing the effect of enprofylline on 

the Aj receptor- induced synaptic depression. 2- 

chloroadenbsine (2-CA), a selective adenosine A| 
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Caffeine promote* for^Un-induced LTP. A, Effort ©T forakdliri 
on the fEPSP; The slope of fEPSP was plotted as o funaion of 
lime. Inset sl>ow> the records taken before and during the 
application of forskolin (25 011 B, Application of forsJcoiin a 
the presence of caffeine resulrcd in a long* term enhancement of 
fEPSP. Supervision of caffeine (100 ^M) increased ihe fEPSP 
slope, Sub^ueot addilioaof fortkolin (25 jiM) in the presence 
of cafTeine fulled in LTP. Jruet j» wpetimposcd trace? taken 
at different times os indicated. 



agonist caused an Inhibition of fEPSPs. The effect 
reached a steady state within 5 min and readily reversed 
when the 2-C A was washed from the tissue. The 
inhibition of fEPSPs was concentratiqn-dependent 
and a 50% inhibition (EC 50 ) was about 100 nU- 
Figure 4 shows that the concentration-response curve 
for the inhibitory effect of 2-CA was shifed to the 
right by enprofyilinc. The fEPSP slope was reduced 
by 98.4±L5% (n»6) in the presence of 1 |iM 2-CA. 
Same concentration of 2-CA only reduced the fEPSP 
by 33.5*7.3% (n-6):an*l3.3±6.8% when slices were 
pretreaied with 20 and 50 yM of enprofylline 
respectively (Fig. 4). There is a significant difference 
(p<0.01) between control and those criprofyllmc- 
pretreated slices. 
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He. 3. Concentration-dependent effect or enproryllinc on the fEPSP. 
Application of enprofyllioe of increasing concemrauonK en- 
hanced the fEPSP dope and promoted the forskoi in-induced 
LTP. 
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CGS-15943, 9-chloro-2-(furyl)[1 ,2,4]tria wlo[l , 
5-clquina2olin-5-amine, is a novel nonxanthinc 
adenosine antagonist without exhibiting inhibitory 
activity on the phosphodiesterases (6, 7). Figure 5 is 
a .summary of 6-7 experiments showing ; that 
supcrfusion of 5, 50 and 100 |iM of CGS-15943 
increased the slope of fEPSPs by 6.1±5.4, 11.6±4.5 
arid 54.5±3.6% respectively. Furthermore, >n the 
presence of CGS-15943 (100 jiM), forskolin induced 
LTP. The fEPSP slope was 128±3% (n*7, j><0.001) 
.pf.contfol.50 min after washout of the drugs (Fig. 5B). 

To investigate whether forskotin+caffeine- 
induced LTP is mediated through activation of cAMP- 
dependent protein kinase (PKA), we performed 
experiments with the specific PKA regulatory site 
antagonist, Rp-.cyclic adenosine 3\5'-mono- 
phosphothioate (Rp-cAMPS). Slices were pressed 
initially in 100 jiM solution of Rp-cAMPS in the 
incubation beaker and then transferred into the 
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5, Prelrcorroeni with nnnxonihinc antagonist COS- 1394 3 promote? 
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recording chamber where the concentration was 
mainrained at 25 rM. As shown in figure 6, 
forskolin+caffeine-induced LTP was blocked 
(i06±6% of control, n=? 6,. /?<(). 0 1 unpaired t-tcsl). 

Discussion 

Pharmacologically^ it is well known that 
xamhine-like compounds have several profound 
central effects: procon vulsanL angiogenic, 
antidepressant and GNS stimulatory actions. The 
results of this study add an additional, long-terra 
effect of caffeine in enhancing the cognitive 
performance, provided that LTP represents a 
mechanism for learning: and memory (5). At the 
cellular level, caffeine has three distinct effects: 
inhibition of phosphodiesterase (23), blockade of 
adenosine receptors (8, 14) and release of Ca^ from 
intracellular stores (16, 18). Since caffeine requires 
concentrations in the millimolar ranges (1-10 mM) 
for significant Ca"" release (1 6, 1 8), it is unlikely that 
induction of Ca* 4 release is the mechanism behind 
caffeine's enhancement of synaptic transmission and 

promotion of forskolin-induced LTP, 

To differentiate between phosphodiesterase 
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Fig. 6. Promotion of forskolin-induced LTP by caffeine is blocked by 
Rp-cAMPS. The percem change of fEPSP wa$ plotted as s 
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inhibition and adenosine antagonism* we employed 
enprofylline which has been shown to exhibit differed 
pharmacological profiles from those of classical 
methylxanthines owing to its low potency as an 
adenosine Ai antagonist (19). Unexpectedly, we 
found that enprofylline on its own enhanced the fEPSP 
and shifted the dose-response curve of 2-CA-mediated 
inhibition to the right. This result indicates that 
enprofylline does possess adenosine Aj antagonistic 
property which increased fEPSP slope by removing 
tonic inhibition exerted by the endogenous adenosine 
in. this region of the brain. The parallel increase of 
fEPSP and promotion of LTP observed with 
enprofylline suggests thai adenosine Aj antagonism 
is'jhe primary mechanism behind caffeine's promotion 
of LTP. Consistently, it has been shown that rolipram 
and.Ro20- 1 724, specific phosphodiesterase inhibitors 
(3), had no effect on the basal synaptic transmission 
(2;, 17, 21). Finally, this conclusion is further 
strengthened by the finding that promotion of 
forskolin-induced LTP is mimicked by the 
nonxanthine adenosine receptor antagonist CGS 
J 5943. However, we could not rule out the possible 
involvement of phosphodiesterase inhibitory effect 
for caffeine to promote LTP because a reagent, which 
inhibits phosphodiesterase without antagonizing A| 
receptor, was not used in the present study. 

Convergent pharmacological and geDetic 
evidence has implicated cAMP and cAMP-depcndcnl 
protein kinase A (PKA) in the Tale phase of LTP (L- 
LTP) in Schaffer collateral-CAi synapses (1,12,15). ' 
In the present study, forskolin at the concentration 
used (25 |iM) did not produce long-term effect on the 
synaptic transmission (20). Only in the presence of 
caffeine did forskolin induce LTP suggesting a role 

played by the adenosine. It is likely that activation of 

adenylyl cyclase by .forskolin resulted in a large 
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increa.sc in cAMP which left the cell (13. 17, 21, 22) 
and acted on adenosine receptors to curcail (orskolin- 
induced LT?. 

In summary, it is well established that adenosine 
exerts an inhibitory tone in the mammalian brain, 
primarily by depressing the release of neurotransmitter 
(8, 10, 14). Anticipated^, adenosine antagonists like 
caffeine enhance transmitter release and exhibit CNS 
stimulatory, proconvulsant, angiogenic and amide* 
pressant activities. The results of this study add an 
additional, long-term effect of caffeine in enhancing 
the cognitive performance, provided that LTP 
represents a cellular mechanism for learning and 
memory (5). 
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Coleus Forskohlii: 






If you're like me, you're always on the lookout for 
nutrients and/or herbs that may help reduce 
body fat without unwanted side effects. In my 
research, I recently came across an herb called 
coleus forskohlii that appears to have some prom- 
ise. Although it has been available for centuries as 
a medicinal herb in India, the use of coleus 
forskohlii (containing standardized forskolin) in the 
U.S. was fairly limited until Twinlab launched it and 
added coleus forskohlii (standardized for forskolin) 
to its weight loss supplements (Ripped Fuel 
Extreme & Ultimate Diet Fuel). So what is this stuff? 
Can coleus forskohlii really help melt away unwant- 
ed fat? This discussion overviews what we know 
about coleus forskohlii and whether it can help you 
promote fat loss during training. 

What is Coleus Forskohlii? 

Coleus forskohlii is a plant that is a member of 
the mint family. It is most often found growing nat- 
urally in the subtropical climates of India, Burma 
and Thailand. Over the centuries, coleus forskohlii 
has primarily been used as a food spice and a 
medicinal herb in the traditional Hindu system of 
medicine known as Ayurveda. ' According to this 
natural philosophy of healing, coleus forskohlii may 
be useful in the treatment of respiratory deficien- 
cies, skin infections and parasitic worms. Although 
many Eastern herbal remedies have not been exten- 
sively studied, a significant amount of research has 
been conducted over the last 30 years to under- 
stand the potential therapeutic benefits of coleus 



forskohlii. This research has determined that the pri- 
mary active ingredient in coleus forskohlii is diter- 
pene forskolin, which is primarily found in the root 
of the plant. Since coleus forskohlii is the only 
known plant source of forskolin, extracts from 
coleus forskohlii serve as a natural source of 
forskolin for nutritional supplements. 

What Does Forskolin Do? 

Although much of the research on forskolin has 
been conducted on animals, the basic research find- 
ings suggest that it may have several potential 
health benefits. For example, forskolin has been 
shown to be a potent non-hormonal activator of 
adenylate cyclase." Adenylate cyclase is an 
enzyme that activates cyclic adenosine 
monophospahte (cAMP) in the cell. When activated, 
cAMP has a number of tissue-specific actions. For 
example, several studies have indicated that 
forskolin stimulates cAMP and increases the break- 
down of fat (lipolysis) in fat cells.* 4 In addition, 
forskolin has been reported to help dilate the 
bronchial passages and improve respiratory efft- 

6-8 

ciency ; enhance the ability of the heart to pump 
blood ' ; and lower systemic blood pressure and 
pressure in the eye. 1011 Moreover, there is some evi- 
dence that forskolin may have anticarcinogenic, 
anti-inflammatory/ 3 and antiathrogenic properties. 
Theoretically, these findings suggest that forskolin 
may promote fat loss as well as possess some 
health and therapeutic benefit. No major side 
effects have been reported in these studies. 
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Does Coleus Forskohlii 
Promote Fat Loss? 

Although the mechanisms of action of forskolin are 
fairly well known and coleus forskohlii has been avail- 
able as an herbal supplement for some time, it is 
presently unclear whether coleus forskohlii supple- 
mentation may promote fat loss in healthy individuals. 
In my research, I was only able to uncover one study 
that has evaluated the effects of coleus forskohlii on 
body composition and markers of health." (A second 
study is underway withTwinlab Ripped Fuel Extreme). 
In this study, six overweight females underwent med- 
ical screening and baseline testing. After this testing, 

subjects were 
administered 500 
milligrams of a 10 
percent forskolin 
extract (the same 
amount found in 
Twinlab Ripped 
Fuel Extreme and 
Ultimate Diet 
Fuel) daily for 
eight weeks. 
Subjects ingested 
one capsule 
(250mg) in the 
morning and one 
in the evening, 
half an hour 
before each meal. 
Subjects were 
asked to maintain 
normal activity levels and dietary practices. 

Results revealed that the subjects lost 4.3 and 7.25 
pounds of body weight after four and eight weeks of 
supplementation, respectively. Moreover, bioelectrical 
impedance (BIA) determined body fat percentage 
decreased from 33.6 to 25.9 percent after eight weeks 
of supplementation while lean body mass increased 
from 67.7 to 74.1 percent of body weight. No signifi- 
cant side effects were reported, although systolic (114 
to 105 mmHg) and diastolic (71 to 66 mmHg) blood 
pressure tended to decrease during the study. While 
this is not a placebo-controlled double blind study 
and BIA is not the most accurate method of assessing 
body composition, these preliminary findings provide 



Study findings 
suggest that 
forskolin may 
promote fat 
loss as well 
as possess 
some health 
and therapeutic 
benefit. 



some support to contentions that coleus forskohlii 
may promote fat loss without significant side effects. 
However, additional well-controlled research is need- 
ed before any conclusions can be made. 

Bottom Line 

Coleus forskohlii (standardized for forskolin) 
appears to have a number of potentially beneficial 
physiological effects that may help promote fat loss 
and/or general health. For this reason, coleus 
forskohlii has recently been added to several thermo- 
genic weight loss supplements . ■ 
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^ catch a fish and win half a million 
-% bucks. No disrespect to those ath- 
f^Jetes. I couldn't do those things, yet I 
l^ find them intriguing. 
f ^ If" The point is, our sport can be 
" interesting. There's tons of beautiful 
girls and guys, free prizes, meet-and- 
|;V greets, awesome nightlife on the 
; Vegas strip, plenty of partying, and 
. - the cool thing is, everyone there is 
SI into it! When the lights fade to black, 
|^ and the bodybuilding show is on, we 
^f}. see some cartoon looking gladiators 
' stalking the stage, posing, doing 
their routines, and trying to win the 
a ; crown. Our sport isn't for everyone, 
1 but you cannot tell me watching real 
life gladiators— gladiators, dawg— 
Ip^who look like they are from another 
1 planet with their game face ready to 
I do battle is any more boring than 
golf, skateboarding, or fishing. These 
sports all have huge corporations 
behind them to the point where the 
athlete placing last goes home with 
more money than the winner at the 
Olympia.The problem is the organi- 
zation isn't making a concerted effort 
to let the general public know why 
this sport is cool and why they , 
should watch itl Its strange, but 
strange sells. 

MD: How big is your dick? 
K FW: [Stutters] What!? 

MD: [Laughs] Sorry, I want- 
ed to change the pace! [More 
laughter] 

:T FW: Rico is right. You need 
help! 

Rico: [Disgusted, shakes head] 
Told ya. 
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MD: Forget I said it. Anyway, 
did you have a good time at the 
Olympia? 

FW: Yeah, I sure did. I was 
nervous about going. I waited until 
the last minute, but was greeted by 

JiyjezyAa e_w|t b_o pe n_a r m s.a bo u t .my 

decision. That touched me deeply. 
Even the athletes I used to do battle 
with were very kind and understand- 
ing, you know? I would like to take 
this opportunity to address the ath- 



letes, including Shawn Ray. I want 
everyone to know that what I've said 
here is just my opinion, and hope 
no one takes it personally. If they 
do, I pray for their forgiveness. Any 
past rivalries, bitterness and con- 
flicts, I wish to squash them right 
here and now. I'm sorry to those 
who I may have affected negatively 
when I was not myself back in the 
day. These athletes are superstars 
and should be treated as such. The 
readers deserve more. Let's all end 
the ego-driven negativity, and do 
what's best for the sport and every- 
one involved from top to bottom. 
Long live bodybuilding; the sport 
that has given myself and thou- 
sands of others so much. 

Right now, our world is con- 
cerned over much more substantial 
things. Anthrax is going around, 
another plane just crashed in New 
York, and we are fighting a critical 
war with serious religious overtones. 
In the grand scheme of things, body- 
building politics mean so little, but 
the activity itself is so rewarding I 
rate it on par with martial arts— a 
discipline. Going to the gym, releas- 
ing tension, pushing yourself physi- 
cally, changing your life for the bet- 
ter, and daring to dream is the 
essence of bodybuilding. Let's focus 
more on fixing the sport, because it 
needs change and this can easily be 
done. The ball is in our court to go 
for the slam dunk of success, but the 
question is, will the major players 
give us the lay-up to make it happen. 

MD: Well said. We'll end 
here. Thanks for the interview, 
Flex. And Rico. [Smiles] 

FW: Ann, I'm glad its over! 
[Laughs] 

Rico: The door is that way, 
Tyrell. 

To contact Flex Wheeler for a 
JeamFlex World Jour-guesLappear-^ — 
ance, merchandise and other stuff, 
visit him online at www.TEAM- 
FLEX.COM. To book a personal train- 
ing session or phone consultation, 
please call 888.462. 1409. 
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' Ripped Fuel Extreme™ on body composition F~ 
and markers of health.This supplement con- m 
tains MaHuang (standardized for 20mg of 
^ ephedra alkaloids per serving), guarana (stan- *i 
~'dardized for 200mg of caffeine per serving), cit- ■ 
"v jrus aurantum (standardized for 5 mg of 
\synephrine alkaloids), green tea leaf extract g3H 
(standardized for polyphenols), Cycloburn™ l&S? 
coleus forskohlii root extract (standardized for lii&i 
: 16 7 mg of forskolin) and other nutrients. Psl!! 
f-/ The researchers recruited 26 overweight sub- 
jects to participate in this study. Subjects were 
divided into two groups and randomly assigned [fpill 
to ingest in a double blind manner either a ^^^^^ 
placebo or Ripped Fuel Extreme. Each group [111111 
.ingested one capsule three times per day for 
seven days and then two capsules with each of ffil| 
..three daily meals. During the study, subjects ifef? 
j maintained a slightly hypocaloric diet (25 kcal ^ 

per kilogram of body weight per day) and partici- 
I pated in a monitored exercise program per- f^-A 
"formed three times per week. tSljiP 
" Results revealed that there were no changes llfp i 
in heart rate, blood pressure, oxygen satura- ' 
tion, resting electrocardiograms (ECG), pul- j|p?& 
monary function, or a standard panel of mark- lipfe 
ers of clinical safety in the blood during the Wk'te 
course of the study for either group. Subjects l|lfjp 
who supplemented their diets with Ripped Fuel |Pgp 
Extreme lost 5.6 pounds and 2.1 percent of their W'^M 
fBIA-cletermined body fat while subjects in the kfe ? 
control group only lost about one pound. 
Interestingly, Dr. Colker reported that despite WBm 
this.weight loss, fat-free mass was maintained, 
which is somewhat unusual in these types of | ^ 
studies. While the specific impact that forskolin jte 
had on these results is unclear, these findings — 
add to the growing body of evidence that responsible 
use of thermogenic supplements containing ephedra 
alkaloids and caffeine can effectively promote weight 
■ loss while not adversely affecting health status in 
.. apparently healthy individuals. 
- i. Researchers in my lab recently conducted a pilot 
study to examine the effects of coleus forskohlii supple- 
mentation on weight loss in sedentary overweight 

15 

females. In this study, 23 moderately overweight 
females were administered in a double blind and ran- 
domized manner a capsule containing a placebo or 
forslean™ (standardized for 25 mg of forskolin) two 
times per day for 12 weeks. Body mass, total body 
water (BIA), body composition (dual energy x-ray 
absorptiometry [DEXA]) and psychometric instruments 
were obtained at zero, four, eight and 12 weeks of sup- 
plementation. Fasting blood samples and dietary 

records were obtained at weeks zero and 12. In addi- 

tion, side effects were monitored by a research nurse 
and recorded on a weekly basis. 

Results revealed no significant differences in caloric or 
macronutrient intake between groups. Subjects who 
supplemented their diets with forskolin lost a little body 
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weight (-1.5 pounds) while the subjects that received the 
placebo gained weight (+2.2 pounds). No significant dif- 
ferences were observed in changes in fat mass, fat-free 
mass, or percent body fat. However, subjects who took 
forskolin tended to feel less fatigue and hunger, and 
more of a feeling of fullness. No clinically significant 
interactions were observed in metabolic markers, blood 
lipids, muscle and liver enzymes, electrolytes, red cells, 
white cells, insulin, or thyroid hormones. In addition, no 
significant differences were observed in heart rate, 
blood pressure, or weekly reports of side effects. 
Although more research is needed, these findings sug- 
gest that Forslean may help mitigate weight gain in 
overweight females with apparently no clinically signifi- 
cant side effects. 

Recent re searchsu g g ests.th a t.s upplementing _th e-d iet 

with a thermogenic supplement containing coleus 
forskohlii can promote weight loss without the typical loss 
of muscle mass observed in weight loss studies. In addi- 
tion, supplementing the diet with coleus forskohlii may 
help overweight women prone to gaining weight slightly 
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Am Urgent Message To All Sotifybaiilders Who Want "Cross 
. .SMsitas" to Their Quads, Tiriceps, Chest And Belts... 

M & MO© M §jm W WwM% KM 

New. Research Reveals How Enzyme 
Manipulation Can Double The Fat Burning 
Effects Of Already Powerful Thermogenics!! 

Adding just one (little known) compound to the already powerful thermogenics. ..can double 
their fat-burning effects. Think about Itl Instead of burning off 3-4 pounds within a week.!. 

You Could Easily Blast Off 6 to 8 Pounds Of "Muscle Hiding" Fat... 

...and then progressively keep getting more ripped as the weeks continue, culminating in the 
appearance of those hard to get "cross stations" that will "splice" across your quads, triceps, 
chest and dehsl! 

i k , 

Introducing the World's first fat-burner utilizing this breakthrough 
technology.. .NitroPhen by Impact Nutrition. NitroPhen and its cutting 
edge technology includes compounds that have been scientifically shown 
(in many studies) to Interfere with the enzymes responsible for the 
breakdown of many drugs and supplements, thus dramatically 
increasing their serum blood levels in your body. , 

Now you can "test drive" one of the World's most 
powerful and effective fat burners ever developed for just 
the cost of shipping and handling... the bottle of NitroPhen 

is FREE! 

So what are you waiting for??? Call Toll FREE; 1*888-577- 
4464 to get your FREE bottle of NitroPhen rushed to you 
today! it's going to be a while before some realty smart chemist can 
beat NitroPhen's techno!ogy...maybe two or three years. Sure, it will 
eventually happen, "supplement technology" Is even superceding 
computer technology. But for right now.. . NitroPhen is vour answer for 
a cross striation ripped physique and it's FREEI All we ask is that you 
cover the nominal shipping and handling expenses of $6.09. This is a limited 
time offer only 1 bottle per customer or household. 
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BAREing it all: the adoption of LXR and FXR 
and their roles in lipid homeostasis 
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Abstract During the last three years ihere have been a pleth- 
ora of publications on the liver ^activated receptors (LXRu, 
NR1H3, and LXR0, NR1H2), the farnespid X-activated re- 
ceptor (FXR, NR1H4), and the pregnane X receptor (PXR, 
NR1I2) and the role these nuclear receptors play in control- 
ling cholesterol, bile acid, lipoprotein and drug metabo- 
lism. The current interest in these nuclear receptors is high, 
in part, because they appear to be promising therapeuuc 
targets for new drugs that have the potential to control lipid 
homeostasis^ In this review ye emphasise ») the role of 
LXR in controlling many aspects of cholesterol and fatty 
acid metabolism) ii) the expanded role of FXR in regulating 
genes that control not only bile add metabolism b^l also 
lipoprotein metabolism, and m) thc regulation of bile add 
transport/metabolism in response to bile acid-activated 
PXR.— Edwards, P. A., H. R Kast. and A. M. Anisfeld. 
BAREing it alb the adoption of LXR and FXR and their 
rotes in lipid homeostasis. J. Lipid Res. 2002. 43: 2-12. 

Supplementary key words bile acicts • dxysieroh > Tangier disease » 
siiosicrolcmia • ABC transporters • lipoproTcin* • farna»oid X-acuvafced 
reccpror ♦ tiver X^cuvji ted receptor * pregnane X receptor 

■ - * 

INTRODUCTION 

1. Nuclear receptors, hormone response 
elements, and activated transcription 

Nuclear receptors, which; include both non-steroidal 
and steroid receptors, bind to DNA cu elements, Known as 
hormone response elements (HREs) and activate tranr 
scription of target genes. Most non-sccroidul receptors, 
such as LXR, FXR, and FXR (liver" X-activated receptor, 
famcsoid X«acuvaied receptor, and pregnane X receptor, 
respectively) , hind DNA as heteroriimere with the obligate; 
partner 9-ojreunoic add receptor a (RXRa, NR2B1) (I). 

HREs are usually composed of direct, inverted, or 
everted repeats (DR, IR, or ER, respectively) of the ideal- 
ized sequence AGGTCA. "that are separated by a variable 
number (n) of nucleotides (where n " 1^6) to give DRn, 
IRn, or ERn hormone response dements (2). In general, 

each nuclear receptor preferentially binds to a limited 
number of HREs thai have a particular spaciug a^d orien- 
taiion. dius providing specificity for the formation of die. 
protein-DNA complex (2). functional HREs have been 



identined.in .the proximal promoters of target genes, in dis- 
tal enhancers that can be located >22 fcb from the Tran- 
scription start site and in mtroas (see below)' 

LXR, FXR, PXR, and RXRa, like other members of this 
large supcrlamily of transcription factors, have a number 
of specific functional domains that usually include a 
poorly understood amino terminal transcriptional activa- 
tion domain (AF-l)* a DNA binding domain (DBD), a 
ligarid binding domain (LBD), domains responsible for 
nuclear translocation and dimcruatiOn, and a transcrip- 
tional actiy^^ domain (AF-2) ai the extreme carboxyl 
Xerminus (Fig. 1) (1,3). In general, transcriptional activa- 
tion is dependent on the entry of a specific ligand, usually 
a small lippphyllic molecule, into the cavity formed by the 
LBD of the nuclear receptor- Many, but not all, non-steroidal 
nuclear receptors are' thought to he pre-hound to the 
HRE in a complex with corepressor proteins- Entry of 
the ligand into the LBD inmates changes in the conforma- 
tion of the receptor that results in loss of compressor pro- 
teins, recruitment of coactrvator proteins and increased 
transcription (4). The role of i he corepressor and coacdva- 
tor proteins in controlling the condensed state of the DNA, 
-via acetyjarjon and deacctylation, has been reviewed re- 
cently, but is beyond the scope -of thc current article (4, 5). 

2. Orphan nuclear receptors 

like many other nuclear receptors, LXR, FXR, and PXR 
were originally termed orphan nuclear receptors because 
Their natural ligan'ds were unknown at the time that they 
were mitialJy cloned. VVith the recent identification of several 
physiological Uganda thatacrivate LXR, FXR or PXR we can 
consider that these orphans have been "adopted". These 



Abbreviation* apoO-II, apblipoprotciii C-II; BARE, bile add re- 
sponse eiemcnu FXR, fariicsoid X-ncdvjied receptor; HRE, hormone 
response element; JLXRJivcr jtocrivared receptor: PXR, pregnane X re- 
cepior;_RXX 9rnjreuiioic ao'<1 roccptnn 5UUilJP. sterol response clement 
bindin^proieln. 

* To whom coif ei-pohdence should be add ressed ai Depannieni of 
Biological ehcrawtry, CHS 33-257, UCLA School of Medicine, Los An- 

geles, CA 90095'! 769. » 
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Fig. 1. lJCR, FXR, and PXR (liver X^cuvatcd rccq>»or, lamesoid X-activutcd receptor, and pregnane X receptee respectively) Mrftei *eiies 
and their hormone response, elements. The Uganda that activate d*c indicated nuclear receptor heierodimer* arc shown in ihe cartoon on 
the left. The Xnown target genes are shown opposite die corrc^ptindin^ heierodlmcr together with the nucleotide sequence of the hormone 
response element (LXRE, FXRE, PXRE). The consensus sequence for Die LXR£ (DR-4) and FXRE (1R-1) are shown on Uie left The color 
tif ihe target genes for LXR (green), FXR (red), and PXR (blue) ai* conserved in Figs, 1-3. 



adoptions resulted from^ascries of elegant studies diat iden- 
tified 0 oxysterols (e.g., 24(5),25-epoxycho)esrerol, 20 (.S>, 
22(/0-. 24(5)-, and 27-hydioxycJiolesterolJ as activator* of 
LXR (6-8), u) primary bile acids, such as chcriodeoxycholic 
acid (CDCA) and cholic acid (CA), as activators of FXR (9- 
11), and su) the secondary bile acid, lithochofic add (LCA) 
and its metabolite 3^kcto; LCA, as activators of PXR (12, 18) 
(% 1 ). The identification of .these natural ligands and the 
generation of mice 'with deletions in the genes encoding 
LXRa, LXR0, FXR, and PXR have opened up new vistas 
linking the role of these receptors to regulatory functions. 

3. Oxysterol- and bile acid-activated nuclear 
receptors (LXR, FXR, and PXR) 

A. LXR. LXR was priginaiJy isolated from a. human. liver 
cDNA library and shown to be most highly expressed in 
this tissue (14), Subscquentiy, two genes were identified, 
LXRa and LXRp (also called RLD-1 and OR-1, respecv 



qvely), that encode highly conserved Informs. iARa is 
expressed in a tissue specific manner, whereas LXR& 
is ubiquitously expressed (1 5) . Both isoforms bind DNA as 
a hetcrodimer widi the common partner RXR. LXR/RXR 
binds preferentially to hormone response elements (LXREs) 
that consist of two idealized hexanucleotide repeats 
(AGGTCA) separated by four nucleotides (DR-4) (Fig. 1) 
(14). Subsequently, screens were developed that led to the 
identification of specific oxysterols as activating ligands 
for LXR (6-8). The most potent oxysterols included 
24(5),25-epoxycholesterol, 22(#>hydroxycholesterol, and 
24(^hydroxycholesterol (7, 8, 16). 

Based on studies with LXR null mice and the identifica- 
tion of a limited number of LXR target genes (Fig. 1), it 
appears that LXR functions as a sensor of cellular oxy- 
sterols. Consistent with this proposal, all LXR target genes 
encode proteins that have major roles in controlling cho- 
lesterol and/or fatty add homeostasis in a number of tis- 
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Fig. 2. LXR, FXR. and PXR ululate the hepatic expression of gciies involved in lipid homeostasis. The conversion ofawyl-CoA to chc- 
lesierolor fatty acids (FA), phospholipid* (PU, ft uigiycerldci (TG)ii mdicaied.Thc nuclcnr recepiorcUa (green), FXR (red), and PXR 
(blue) arc color<mled the same v dieir uirgetgenc* TTHnscri]^ (+) or repression (-) indicated. Bile acids (B), choles- 

terol (C), and:oxysierols (0) arc drawn as colored spherei. The cellular local of AUCGL ADCG5, and ABCG8 have noi been estab- 
lished- FPP. farnesyl diphosphate- All ulher abbrcviarions are indicated in the text. _ 



such including the- liver, intestine, niacr6ph>ge> and possi- 
bly adipose tissue (Fig. 1, Kg. % and Fig. 3), However, the 
relative importance of LXRa an d LXRfJ • as sterol seniors 
and their specific roles in regulating gene expression ife: 
poorly understood. Recently, synthetic, highly potent LXR 
ligands were shown to have pronounced ejects in vivo. For 
example, n^eatment of rodents with such agonists resulted in 
decreased cholesterol absorption and increased concen- 
tration* of plasma triglycerides and phospholipids (17). 

B. FXR Rat FXR waA. originaljy cloned using PGR and 
degenerate primers' corresponding to the semi-conserved 
DNA binding domain of nuclear receptors (Ifl). At the 
same time, murine FXR was isolated teased on its interar- 
uon with RXR and>#s a result, was; originally inferred to as 
RJP-14 (RXR interacring protein number li) :(19) In the 
original report, rat.FXR was shown to be weakly activated 
by supraphysiological levels of the isoprenoid famesol 
(hence the name FXR) (18), Famesol is derived from the 
hydrolysis of farnesyl diphosphate in the boprenoid bio- 
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synthetic pathway (FiR. 2) and had previously been shown 
to AnicUon as a signaling molecule in an unrelated path- 
way that controls, the stability of HMG-CoA reductase 
(2b) /However, no direct interaction of iarnesoJ with FXR 
Of the LBD of FXR was ever demonstrated, More recent 
studies have shown that primary bile acids, such as CDCA 
or CA, bind to FXR in vitro, that this interaction occurs at 
physiological levels of the bile acids (EC 30 of 10-15 u.M), 
thai this interaction results In recruitment of coacdvators 
to the liganded FXR, and. that there is a subsequcni in- 
crease in- the transcription of target genes (9-11). All of 
these properties are consistent with the hypothesis diat 
CDCA and CA function to directly activate FXR in vivo. 

The hormone response element to which BXR/RXRa 
binds was originally termed ah VXR response element 
(FXRE) (18). This element, however, has also been 
termed a BARE (bile acid response element), based in 
part on the more recent studies which indicate that bile 
acids are the natural ligands for FXJl (10, 21). Earlier re- 
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3 LXRand FXR rcgul&re ^eoes involved :\n lipid absorption, excretion, and metabolic The figure uWrates lipid absorption from 
drc hnc5tinal lumen into die villi, the mcuib^^m oifUpo^iwnfi uvthc pl^iaand ibc movement of lipids out of prophages or '<™™*- 
Genes That are activated by LXR.are shown in gi*en.; V/hiJe FXR targ?egco« are shown in red. The membrane locali/aUon ofAoWA, 
ABCGX ABCG5. and ABCGSare unknown; Oliver details arc, providedJn in* text. Thciollowing abbreviations arc used: cholesterol (U yel- 
low druplett; FA/fctty adds; PL. phosphuUpidsrBS, bile salftj IBAX Ileal bile acid tran^rier; l-BA^P, ileal. bUc acid binding protom;AI , apo- 
lipoprotein A-I; E, apoprotein E; C-II, apoiipoprotrin Oil; P1TP, phospholipid transfer proiein-, LFL, "poproleui lipase; CM, chylo- 
microns; CM remnant, chylomicron remnanti i-DLR. LDL rcrcjitnr, feCOlA. AB.CGX, represent different ABC.G1 woforow). 



ports show that various; degenerate form* of DK-3,/0r 
DR-4 elements were bound by FXK/RXRa in vitro (18, 
22). With one exception, all published FXR target genes 
contain one or more degenerate M-L elements in the 
proximal promoter or distal enbancciiihat fixnciion as art 
FXRE/BARE and are required for transcriptional activa- 
tion (Fig. 1). In recent studies, we identifle&an ER&as a 
functional FXRE/BARE that is disnna rrom all previously 
Identified nuclear hormone response elements (22a). Such 
aji observation Indicates that the nucleotide sequence of a 
funcdonal FXRE/BARE may vary considerably. 

Noithern blot assays indicate thai KXfc transcript in 
the rat arc restricted to the liver, kidney intestine (ail W 
volved in cholesterol /bile acid metabolism) , colon , and 
adrenals (18). As discussed below, the original proposal, 
that FXR might have a role in cholesterol/bile acid! ho- 
meostasis has proven to be correct (Fig. 2) (18). However, 



lite role of FXR iri 'the adrenals is an enigma, since this or- 
gan is not known to be involved in any aspect of bile acid 
metabolism. The finding that an drosterone, an intermedi- 
ate in cholesterol/steroid metabolism, is both synthesized 
Jn the adrenals and induces die expression of a reporter 
gene under the control of an FXR£ is certainly intriguing 
(23). Demonstration that androsteronc, at physiological 
concentrations, can both bind FXR and activate endoge- 
nous HXR-target genes would provide further support for , 
the proposal that this steroid is a natural agonist. 

C. PXH The secondary bile acid, lithocholic acid (LCA). 
'Is produced from the (primary bile acid CDCA by a 7a- 
dehydroxylation pathway present in certain intesdnal bac- 
teria. In contrast to primary bile acids, secondary bile 
acids are poorly absorbed in the distal ileum. Since LCA 
has recently been shown to function as a ligand for PXR 
(see below), we have included a brief section on this nu- 
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clear receptor. Far more extensive reviews on PXR arc 
available (24-26). 

Murine PXR and its human homolog (hPXR) (also 
called the steroid and xenobioric receptor, SXR* or die 
pregnane activated receptor, HAR) were first cloned in 
1998 (27-30). In addition to LCA a number of naturally 
occurring steroids, including pregnenolone, progester- 
one, androstanoi, hyperforin (a component of St John's 
Wort), dexamcthasone (a synthetic glucocorticoid), and 
various xenobiotics (e.g., rifampicin and pheno barbital) 
have been shown xo activate PXR (Fig. 1) (29-32). The 
observation that a number of compounds diftcrcntially ;ic- 
tivate murine and human PXR is note worthy a* this may 
explain the varying responses of mice and humans to cer- 
tain drugs. 

The recent observadons that the secondary bile acid 
LCA and its 3-keto metabolite (3-keto LCA) activate PXR 
are pardcularly relevant to this review. Accumulation of 
these natural compounds in the liver is associated with tox- 
icity and cholestasis (12, IS). As discussed in detail below, 
the data suggest that PXR umctions as a hepatic seosorfor 
many xenobiotics. natural steroids and certain bile acids. 
Activated PXR then induces the expression of genes that 
are involved in hepadc uptake, metaboJishi and subsequent 
excretion of many of die same compounds (Figs. J , 2). 

THE ROUS OF LXR, FXR, AND PXR IN CELLULAR 
CHOLESTEROL AND BILE ACID METABOLISM 

I. Intestine 

A. Hole of LXR in tia intestine, Three genes (ABCAl, 
ABCG5, and ABCG8) that encode ATP-binding cassette 
(ABC) transporter proteins have been proposed as J*XR 
target genes in the intestine (33-3?). ABC&5 and ; ABCC8 
appear to function by limiting the in lestinul absorption of 
sterols (cholesterol and/ or plant sterols) and enhancing 
die excretion of sterols from the liver into the bile (38, S5; 
38). In contrast, ABCAl appears to both facilitate the cf- 
Dux of phospholipids and cholesterol from a variety of 
cells and also to limit cholesterol absorption in the intes- 
tine. As discussed below, Uiesc conclusions arc based on 
the phenotype of patients or nucVwidi mutations m liiese 
genes as well as the effects of activation of these genes by 
LXR agonists. 

Patients with mutations in the ABCAl gene have: Tan- 
ker disease. These patients have Utile or no plasma I-IDL 
(35, 39-41). As expected, deletion of the ABCAl gene in 
mice also results in a significant reduction in plasma HDL 
concentrations (42-44) . However, it is perplexing dxat de- 
letion of the ABCAl gene in mice is reported to either 
decrease (45) or increase (42) the rate of absorption of 
cholesterol from the diet. Consistent with the latter study, 
it was recently reported that administration of a synthetic 
LXR agonist to mice resulted in increased intestinal ex- 
pression of ABCAl and a concomitant decrease in choles- 
terol absorption in wild-type- but not LXRap double knock- 
out mice (37). Based on these studies .it has been proposed 
that ABCAl may reduce cholesterol absorption by faclli- 
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tatirig the efflux of cholesterol from the entcrocyte back 
into the Jurnen, However, other LXR target genes, in addi- 
tion to ABGA1, are also induced following the treatment 
of rodents with LXR agonists. Thus, we cannot rule out 
the possibility that these other LXR target genes have a 
role in decreasing sterol absorption. In addition, recent 
Studies witii cultured cells indicate that the primary role 
of ABCAl is to promote phospholipid efflux to exogenous 
Upid-poor protein acceptors, such as apoA4, and that the 
Upid/protein complex then functions as a sink to receive 
cellular cholesterol (see below). It remains to be estab- 
lished whether ABCAl expressed in enterocytes also alters 
phospholipid movement and thus modulates cholesterol 
absorption. 

Mutations in ABCG5 or ABCCS result in sitosterolemia 
(33, 34)* Patients with sitosterolemia have elevated levels 
of cholesterol and plant sterols, especially sitosterol, in 
both blood and tissues, and show evidence of premature 
coronary atherosclerosis (33. 34, 38), These increased levels 
appear to result from hyper absorption of sterols (choles- 
terol and plant sterols) and a defect in the excretion of 
plant sterols from die liver into bile (Fig. 3). Since pa- 
tients with sitosterolemia have mutations in either ABCG5 
or ABCGfl, it seems Hkely that tiiese transporters form a 
functional heterodimer (33). Identification of both the 
cellular location of these proteins and the substrate chat 
they transport, would provide critical information that is 
currently lacking. 

It has been suggested that ABCA 1 and ABCG5/ABCG8 
function to pump phospholipids and/or sterols out of 
intestinal enterocytes, hepatocyies and/or macrophages 
(Figs. 2, 3). Since these three genes are all activated by 
LXR there is considerable clinical interest in determining 
whether treaunent with LXR agonists will be beneficial as 
a result of either decreasing cholesterol absorption or in- 
creasing the efflux of lipids from macrophage foam cells 
in the artery wall. 

% Rnle of FXR in the inicMine. The first gene to be identi- 
fied as a direct target of ligand-activated FXR was I-BABP 
(ileal bile-acid binding protein) (10). An IR-1 was identi- 
fied in the proximal promoter and shown to function in 
transcriptional activation of the 1-BABP gene in response 
to FXR and bile acids (10. 21). I-15ABP is a soluble protein 
that is expressed in enterocytes and binds bile acids, Con- 
sequently, I-BABP may limit the free concentration of bile 

acids intracellularly and thus limit bile acid-induced toxic- 
ity (Fig. 3). The identification ofl-MBP as an FXR target 
gene is consistent with the proposal thai FXR plays a cen- 
tral role in regulating bile acid metabolism. 

2. Iiyer 

A RoU of LXR in the livzr. Hepatic LXR target genes iden- 
tified to date function to control bile acid synthesis, and 
metabolism, cholesterol movement fatty acid synthesis, 
and lipoprotein metabolism (Figs. 1-8). The availability 
of micc:in which one or both LXR gene (s) have been de- 
leted (LXRor/- LXR0-/-, or LXRa/G _/ ~) has been 
particularly useful in understanding the function of these 
rwo<nuclear receptors. The results of a number of studies 
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demonstrate that LXRa is necessary for mice to respond 
appropriately following che administration of cholesterol- 
enriched diets (46). One important target is the gene en- 
coding cholesterol 7oc-hydroxylase. 

The hepatic enzyme cholesterol 7a-hydroxylase cataly- 
ses the rate limiting reaction in the conversion of choles- 
terol to biJe acids in the classic (neutral) pathway, and 
consequendy plays a critical role in cholesterol and bUe 
add homeostasis (47). This enzyme, is encoded by the 
highly regulated CYP7A1 gene (47). An alternative path- 
way has been described thai involves die hydroxylation of 
oxysterols by oxysterol 7a-hytlroxylase (CYP7B) prior to 
their conversion to primary bile acids (<7). Recent studies 
have shown diat the rodent CYP7A1 gene is activated by 
LXR and oxysterols by a process that depends on a func- 
tional LXRE in the proximal promoier of the gene (46) 
(Figs.l. 2), Consistent with these observations, administra- 
tion of a diet supplemented with high levels of cholesterol 
increases the expression of CSP7A1, bile acid, synthesis 
and excretion in wi)d*type: mice, but not in LXRa 7 *^ or 
mice (<16\ 48, 49). As a result, LXJW0-/- 
and LXRa _/ ~ mice, bur not wild-type or LXR|3"^~ mice, 
accumulate cholesterol to toxic levels in the liver (46, 49). 
The physiologically imporrant oxysrerol(s) that function 
as LXR activators and are presumably generated from 
dietary : cholesterol, remain to be identified. Prime candi- 
dates include 24( l S) l 25-epoxycholciiterol t 20(5)-hydroxycho- 
lesferoi, 22(.r?)-hydrpxych(>iesteroi and ^-hydroxycholes- 
terol. Tht proximal promoter of the human CYP7A1 gene 
does not contain an LXRE and consequently it is not acti- 
vated by oxysterols or LXR. Thus, the regulation of the 
murine and human genes are not identical. 

Other LXR target genes that sire induced in the liver in- 
clude ABCAl. ABCC5, and ABCG8. Addidonal studies 
should help to determine whether these ABC transporter 
proteins facilitate the efflux of specific phospholipids, 
cholesterol and/or plant sterols from the liver into cither 
the blood or the bile. 

In thc.last few months it has become apparent thai LXR 
plays a critical role in activating genes involved in Fatty 
acid synthesis (Figs. 1, 2), Presumably, the increasedlevcls 
of Catty acids are then made available for eslerificauon of 
excess cholesterol and for die synthesis of triglycerides 
and phospholipids. In this regard, it has long been known 
that excess cellular cholesterol is rapidly esterified with an 
unsamrated fatty acid to forii) cytoplasmic cholesteryl ester 
lipid droplets and that this reaction is catalyzed by die 
membrane-bound enzyme a(^l-CoA;chblesterbl acyitrans- 
i'erase (ACAf ) (50), Interestingly, LXR has .recently been 
shown to activate the sterol regulatory element-bmding 
protein lc (SREBP-lc) gene, which encodes a transcription 
factor that is itself critical for the increased expression of a 
number of genes involved in the biosyndiesis and esterifi ca- 
tion of unsaturated fatty acids (figs: 1, 2) (5J, 52). Such 
SREBP-lc-actiwcd genes include acety)-CoA synthetase. 
aceryl-CoA carboxylase, fatty acid synthase, stearoyl-CoA.de- 
saturate, glycerol phosphate acyiu^ansferase and CTP:phos- 
phocholine cytidylyitransferdse (Fig. 2) (53-55). Surpris- 
ingly, oxysterols selectively suppress the nudear- levels of 



SREBP-2, as compared to SREBP-1 (51, 52). As a result, 
SREBP-2-dependent genes (e.g., LDL receptor, HMGCoA 
reductase) are repressed by oxysterols whereas hepadc 
SREBP-lc-dependent genes are activated. 

& Rolt of FXR in the liver. FXR Is highly expressed in the 
liver where it appears to function as a bile acid sensor. Ear- 
lier studies had shown that administration of bile acids to 
rodents repressed the expression of hepatic CYP7A1. Sub- 
sequent studies demonstrated mat the repression of CYP7A1 
was indirect and involved two other nuclear hormone recep- 
tors named SHP (NR0B2) and LRH-1 (NR5A2). It was 
shown that i) the gene encoding SHP was activated directly 
by FXR (an FXRE/BARE was identified in die proximal 
promoter of the SHP gene), it) there was an increase in 
SHP protein, and tit) the SHP protein formed a complex 
with, and inactivated, die transcription factor LRH1/CPF 
(56. 57). Since LRH1 is required for transcription of 
CYP7A1 (58), one net result of activating FXR and SHP 
expression was a decrease in the mRNA, protein and activ- 
ity of CVT7A1 (Figs, 1, 2), Bile acids also repress the syn- 
thesis of cholic acid by repressing the transcription of 
CYP8B1 (sterol 12a-hydroxylase) via a similar mechanism 
that also involves die inactivation of LRH1 by SHP (59). 
Thus, bile acids function as end product inhibitors and re- 
press the synthesis of both chcnodeoxycholic arid and 
cholic acid as a result of ihe decreased expression of CYP7A1 
and CYP12B1, respectively (Fig. 2). Alternative mechanisms 
of regulation of CVPTAl have also been reported that involve 
the bile acid-dependent induction of cytokines JGrom KnpfFer 
cells and the subsequent cytokine-mediated suppression of 
CYP7A1 in adjacent hepatocytes (60), Proof of this model 
will require studies with SHP null mice. 

Studies with FXR null mice provided additional data 
that support the proposal that FXR is an important sensor 
of bile acids (61). For example, FXR null mice exhibited 
severe wasting or death following the inclusion of cholic 
acid in the diet (61). One putative FXR target gene identi- 
fied in die study with FXR null mice encoded BSEP (bile 
salt export pump), which has recently been characterized 
as a true FXR target (62) . BSEP (ABCBI 3 ) is a member of 
the ABC superfamily of transporters that is located on die 
canalicular membrane of hepatocytes where it facilitates 
the transport of bile acids from the hepatocyte into the 
bile (Fig. 2) (63, 64). Thus, identification of FXR target 
genes is consistent with an important role of this nuclear 
receptor in regulating t) bile acid synthesis in the liver (via 
SHP), ti) excretion of bile acids into die bile (BSEP), and 
iu) the re-uptalce of bile acids from the intestinal lumen 
(1-BABP) (Figs. 2, 3). 

C Role ofPXR in ihe liver. Recent studies have demon- 
strated that mRNA levels of the murine sodium-indepen- . 
dent organic anion transporting polypeptide (OATP2) 
and specific cytochrome P450 (CYP) genes sucb as CYP3A 
and CYP2B are induced when hepatocytes are incubated 
with LCA, S-keto LCA, or a number of other PXR ligands 
(Figs. 1, 2) (12, IB). CYP genes encode enzymes involved 
in hydroxylation and metabolisra/inactivation of numer- 
ous drugs, xenobiotics, and some bile acids (65). Rodent 
OATP2 functions to transport organic anions and sulfated 
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and glucuronidated bile adds from the blood into hepato- 
cytes, whereupon these compounds may be hydroxylated 
by CYP3A prior 10 tlieir excretion in the bile (Fig. 2) (66, 
67). Interestingly, the excretion of many of these com- 
pounds into ihe bile occurs via the transmembrane trans- 
porter MDR1 (ABCB1) located on the cannalicular mem- 
brane (Fig, 2) (68). Since MDR1 is ako induced by PXR, U 
appears diac this nuclear receptor activates genes involved 
in the hepatic uptake of anions from the blood, their 
hydroxylation and their subsequent excretion. 

Activated PXR, like activated FXR, results in repression 
of CYP7A1 (12). However, the oiechaoisrn of this repres- 
sion remains to be determined. Nonetheless, CYP7A1 ap- 
pears to be a central target for multiple nuclear receptors; 
CYP7A1 expression is repressed by both bile acid-activated 
PXR and FXR, and induced by oxysterokjctivated LXR. 
Such data suggest that in mammals, the tdtt of conversion 
Of cholesterol to bile acids is a particularly important 
process. 

Studies with PXR^ W mice and PXR-^ * mice that over- 
express const! tutively activated human PXR (PXR"'"" 
SXR-VP16 +/+ ) have been particularly informative in de- 
fining the roles of murine and human PXR in the liver 
(12, 69). The results indicate that PXR has a key role in 
protecting mice from xenobiouc toxicants (69) or from 
heparotoxjc bile acids (12, 13). Presumably, PXR regu- 
lates the expression of hepatic genes rhat are involved in 
clearance of toxic compounds, such as LCA, from the 
blood and their subsequent metabolism and excretion 
into die bile (Fig. 2). Recently, we identified one gene 
(MRP2; ABCC2) involved in this excretion process that, 
surprisingly, is activated by PXR, FXR, and CAR (consullu- 
tive androstane receptor) (22a). This Jatter result empha- 
sizes the overlapping roles of multiple nuclear receptors. 

3. Macrophages 

Macrophages express IXRct and LXR0. In contrast, 
neither FXR nor PXR appear to be expressed in this eel) 
type. Incubation of human or murine macrophages with 
either oxy*tcrols or synthetic LXR agonists results in in- 
creased expression of ABCAl (70-72) , ABCGI (73). apo- 
lipoprotein E (22), and LXRa (74, 75). Functional LXRE* 
have been identified in the promoter? or enhancers of each 
of these genes (Fig, 1). Interestingly. LXR induces the 
T.XRa gene itself in human (but not murine) macrophages 
by a process that is dependent on an LXRE in a distal en- 
hancer (74, 16) (Figs. 2, 8); la addition, die LXRa* gene is 
induced by PPARy and PPARa (76-78) that may in turn be, 
activated by the newly synthesized unsaturated fatly acids. 

The LXR-depeodent increased expression of ABCAl 
has been shown to function in the increased efflux of 
phospholipid and cholesterol from the cells to exogenous 
lipid-poor proteins (Fig. 3) (79, 80). Such acceptors in- 
clude apolipoprotcin Al and apolipoprotein £ (81, 82). 
Since apoE expression is increased in macrophages fol- 
lowing activation of LXR, the secreted apoE protein may 
function as an acceptor for effluxing phospholipids and 
cholesterol (83). Recent studies indicate rhat ABCAl may 
mediate the efflux of cellular phospholipids to extracellular 



protein acceptors as the primary event (84, 85), and that 
cellular cholesterol, possibly derived from late endosomes/ 
lysosomes, subsequendy effluxes to the preformed extra- 
cellular phc^houpid/protein complex (86, 87). 

Our current ideas about the importance of ABCAl 
come from the observations that HDL is virtually absent 
from the blood of pauerits or mice containing mutations 
in both ABCAl alleles. The demonstration that transgenic 
mice, expressing the human ABCAl gene from a BAC 
clone, have elevated HDL levels (88) provides additional 
evidence that the ABCAl protein has a critical role in con- 
trolling HDL levels. 

In contrast to ABCAl, there is much less information 
on the function of ABCGI. The results of studies with cul- 
tured cells treated with ajiidsen.se oligonucleotides to 
ABC&l suggest that this protein may be involved in con- 
trolling the efflux of cellular cholesterol* to HDL and/or 
the secretion of apoE (89, 90). ABCGi has been reported 
to reside in the endoplasmic redculum and Golgi mem- 
branes (89). However, recent studies have reported that 
multiple ABCC1 transcripts are produced a* a result of 
the use of alternative, promoters and alternative RNA 
splicing; translation of these transcripts produce? multiple 
ABCC1 proteins with significandy differem amino termini 
(Kg. S) 92). It is possible that these alternative forms 
of the ABCGI protein combine to form different hct- 
erpdimers with related u*ansport functions. Cohscquendy, 
additional studies will be required to determine both the 
tissue and cellular location and function of each of these 
ABCGI isoforms. 

4. The role of LXR and FXR in lipoprotein metabolism 

A. l^kofLXRinUpoprbiMnmetabo^m. M discussed above, 
plasma lipid levels are also modulated by LXR agonists, 
presumably in part as a result .of the activation of SREBP-lc 
and subsequent increases in the rate of synthesis of fatty 
acidSi triglycerides and phospholipids (Fig, 2). In addi- 
tion, increased expression of ABCAl and ABCG5/ABCC8 
presumably alters sterol absorption and the efflux of cellu- 
lar cholesterol and phospholipid from liver and macro- 
phages into the plasma or bile. (Figs. 2, 3). In addition, 
CETP and lipoprotein lipase (LPL) genes are also directly 
activated by oxysterols and LXR (93, 94). Since CETP 
functions to facilitate the tiansfer of cholrsteryl esters be- 
tween plasma lipoproteins, and While LPL catalyses the hy- 
diqlysis of lipoprotein . triglycerides, it is clear that LXR 
modulates lipoprotein metabolism (Figs. 2, S). Interest- 
ingly, the expression of apolipoprotein Oil (apoC-U), the 
obligate cofactor for LPL, is induced by FXR (Figs. 1-3) 
(95). We would predict that additional LXR larget genes 

will be identified that directly control different aspects of 
lipoprotein metabolism. 

& Role of FXR in lipoprotein metabolism. Based on studies 
widi FXR null mice and die identification of a limited num- 
ber of FXR target genes, it has become evident that this nu- 
clear receptor controls specific aspects Of lipoprotein me- 
tabolism. The idea that FXR might have such a role came 
when die second FXR target gene was identified and 
shown to encode PLTP (phospholipid transfer proiein) 
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(22, 96). PLTP is a s^cr^ed protein that facilitates the 
transfer of phospholipids and cholesterol from triglyceride- 
rich lipoproteins to HDL and consequently modulates the 
concentration of plasma HDL (Figs. 1-3) (97). More re- 
cent studies that utilized FKR-overexprcssirig cells and 
suppression subtraction hybridization identified apoC-II 
as an additional FXR target gene (Figs. 1-3) (95). Induc- 
tion of hepatic apoC-II by activated FXR was dependent 
on the presence of IR-1 elements (FXRE/BARE) (95) 
contained within two distal enhancers that have been 
termed Hepatic Control Regions (HCR.1 and HCR.2) 

(98) . Interestingly, these 319 bp HCRs are located within 
11 kb and 22 kb 5' of the apoC-II gene transcriptional 
start site, and are critical for the liver specific expression 
of a number of genes including apoC-II (99). Preliminary 
studies also show chat hepatic apoE mRNA levels also in- 
crease following the activation of FXR by bile acids (Kast 
et al., unpublished observations) . Since apoE is located in 

a gene cluster that includes apoC-I, apoGll, and apoOTV 

(99) , we hypothesize that the FXRZs/UAREs in HCR ; I and 
HCR.2 may be involved in the regulated transcription of 
multiple apolipoproteins. As PLrP, apolipoprotein C-II 
and apolipoprotein E are all secreted into the blood and 
are known cp be involved in the metabolism of plasma 
lipoproteins, these dara suggest that bile acid-activated 
FXR has a central role in regulating plasma lipid levels 
(Figs. 2, 3). Consistent with this proposal; die administra- 
tion of either a.synthedcFXRIigahd (GW4064) (100) or a 
natural FXR ligand (chplic acid): (95) to rodents results in 
a significant decline iw plasma triglyceride levels. The 
finding that administration of a cholesterol-rich diet to 
FXR null mice results iri elevated levels of proathcrgenic 
lipoproteins (61) provides additional support for the 
idea that FXR has an important role m controlling nor- 
mal plasma lipoprotein levels. 



SUMMARY 

II has been less than Jour years since natural ligands for 
LXR, FXR, and PXR were identified.. The rapid increase in 
our understanding of theae three receptor in this short rime 
is a direct result of finding the "holy grail" (i.e., the natural 
ligands) and generadng mice in which the genes encoding 
LXR, F>CR, or PXR have been deleied. The data from these 
studies are consistent with the proposal that, under a variety 
of dietary conditions, die cono-ul of lipid homcostiisis is de- 
pendent upon cross talk between diese three nuclear recep- 
tors. For example, excess uptake of cholesterol from die diet 
results in die hepatic production of oxysterols, acdvadon of 
LXR, increased expression of CYP7A1, and enhanced pro- 
duction of primary bile adds. In mm, bile acid-activated FXR 
enhances the expression of genes involved in bile acid ex- 
cretion (BSEP) and reabsorption (I-BABP), while «inhib- 
iting the expression of additional CYP7A1 (via SHP). At.uie 
same time, hepatic PXR, activated by LCA generated in die 
intestine, represses CYP7A1 and activates genes involved in 
bile acid metabolism (CYPSA), 

In addition, the studies cited in this review demonstrate 



that the metabolism of plasma lipoproteins is also signifi- 
cantly affected by these nuclear receptors a? a result of rhc 
increased expression of apoC-II. apoE and PLTP (by 
FXR), and GETP and LPL (by LXR). Despite these new 
insights into the roles of LXR, FXR, and PXR, and despite 
the spectacular scientific inroads that have recently been 
made r it is quite clear that our knowledge is far from com- 
plete. The future Is likely to be no less exciting and sumu- 
lacing as investigators attempt to unravel the roles of LXR, 
FXR, and PXR as regulators of lipid metabolism. BO 
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Abstract A 
Cocaine- and amphetamine-regulated transcript (CART) 
peptides are regulated neuropeptides that play a role in a. 
variety of physiological processes. CART mRNA is also highly 
regulated as its levels change in response to psychostimulant 
drugs and leptin. To understand the mechanisms involved in 
rggulating CART mRNA levels, the mouse CART 5'-flanking 
regulatory region was studied. The sequence of 3.4 Kb of the 
mouse CART Shanking region revealed a proximal promoter 
that contains a cluster of transcription (actor binding sites, 
including an overlapping STAT/pRE/AP1 site, in addition, the 
5'-most 320 bp of the CART promoter shares 63% nucleotide 
identity between mouse and human. Three luciferase 
expressing constructs containing varying amounts of CART 5' 
upstream sequence were generated and tested for promoter 



CART (cocaine- and ampbetamine^gultoed transcript) is a 
highly regulated mRNA, and CART peptides are regulatory 
peptides that are expressed only in neurons and noi other 
cells in die nervous system. CART mRNA expression is 
regulated by psychostimulant drugs (Douglass et al 1995; 
Fagergreo and Hurd 1999; Brenz Verca etal 2001) as well, 
as by leptin (Kristensen etal. 1998; Wang ere/. 1999; 
Ahima and Hileman 2000; Dlullon- et al 2000) and 
presumably by other stimuli. CART mRNA and its cleaved 
peptides arc widely distributed in the bruin and other 
endocrine tissues, incluojng the piuiuary and adrenals 
(Douglass era/. 1995; Koyiu etal. 1997). CART peptides 
are thought to have a role in multiple physiological functions, 
including reward and reinforcement, feeding, stress, auto- 
nomic and endocrine control, and sensory processing (Kuhar 
and Dall Vechia 1999; Hume* al 1999; Kuhar ei al.lOOOl 
Characterization of. the mechanisms involved w CART 
gene regulation will aid in understanding CART peptides' 
homeostasis. 



activ'rty. Transient transfection of GH3 cells whh constructs 
containing 641 and 3451 bp of upstream sequence displayed 
strong promoter activity, producing 29-fold and 51-fold su- 
mmation, respectively, while, a construct containing 102 bp of 
upstream sequence displayed a 54-fold increase in aewty. 
A construct containing the composite STAT/CRE/AP1 s»te 
was responsive to cyclic AMP induction by forskolin in GH3 
cells. Forskolin treatment also resulted in a 4.5-fold increase 
in CART mRNA levels after 6 h and tne addition of HS9, an 
inhibitor of protein kinase A, reduced the levels by 50%. 
These studies indicate that the CART proximal promoter Hes 
within the 5'-most 541 bp and that In GH3 cells the CART 
gene Is regulated via a cyclic AMP-dependent pathway. 
Keywords: AP1, CART, CRE, cyclic AMP, PKA promoter, 
j, Nevrochem. (2002) 80, 885-693. 



The rat, human, and mouse CART genes have been 
identified and sequenced (Douglass and Daoud 1996; 
Douglass et aL 1995; Adams et al 1999). The CART gene 
is composed of three exons and rwo introns, with rat and 
mouse having alternatively spliced variants (Douglass et al 
1995; Adams et al 1999). Splicing occurs within exon 2 of 
the long form, which results in a transenpt thai is missing 39 
nucleotides (termed the short form). Also, in rats, two major 
CART mRNA species have been described which are the 
results of differential usage of polyadenylation sites. 



Received September 2B, 2001; revised rmnuscript received December 5, 
2001: accepted December 10,2001. ^ Mhta 

Address correspondence and reprint revests to Dr GertWiw 
DomiDgucz, Division of Weurosdcnc* Yerkc* Research Center, Atlanta. 
OA 30329. USA. E-mail: Btomin6@rrhy .emory.edu 

Abbreviations us€* CART, cocaine- and ampbcomme-rcguialed 
transcript, MCH, mdanin-wrnxsntraiing hormone; PKA* pro* iin 
kinawA; FOMC, proopiomelanocortin; SDS, sodium dodecyl sulfite. 
SSC/satine sodium citrate buffer; TRH, Ayrplropin-rcleasmg bonnoae. 



© 2002 mutational Society for Ne.rocbemUtry, Journal bfNcurvcJWtoy,**, 885-893 



885 



mix l. LUUJ i J.LI 



686 G. Donjingutz ct cl 

Our laboratory has started to address the molecular 
mechanisms involved in the regulation of CART mRNA 
expression. The data presented identifies putative ciy-rcgu- 
lalory elements, and functionally tests various, segments 
containing these cfr-regulatoiy elements for promoter activ- 
ity. The role of the cyclic. AMP signal transduction pathway 
was also examined. 



Experimental procedures 

Tissue culture and stimulation 

Rat pitutary GH3 and rat pheuchromocytoma PC12 cells were 
maintained in Ham's F-12 media implemented with 1 5% horse 
serum and 5% fetal bovine scnun (Life Technologies Rockvillc, 
MD, USA). Mouse pituitary AtT2Q cells were maintained in 
Dulbccoo's minimal essential media supplemented with 10% horse 
serum (Life Technologies). All tissue cultures were maintained id a 
humidified incubator at 37°C under 5% CO2. 

GH3 cells were grbwa in poty-L^ysihc-coatcd 10 cm cell 
culture plates to 70-8Q°/o confluence Media was then changed to 
Ham's F-12 supplemented with 0.5% horse serum for 16-24 Ji. fn 
the some experiments, following .swum deprivation, new 0.5% 
horse scrum Kupplemenied media was added containing 30, I 1 * 1 
/V-[2-(p-bTomucimiamylauiiho)c^^ 

(H89) (Sigma, St Louis,. MO. USA) for 2 h followed by addition 
of 20 pj fafikoti* (Sigma) to the media for "I, 3, 6, 12,_ and 24 h. 
Similarly* samples were treated with forskolin to the absence of 
HB9. 

RNA isolation aod northern blot 

Total RNA was isolated from frozen rat cerebellum and hypotha- 
lamus or GH3 cells. Tissues (5O-100 mg) were homogenized in 
1 mL of Triasol Reagent (Lite Technologies, Grand Island. NY, 
USA) using a power bomogcni7.cr. GH3 cells were lysed in \ mL of 
Tn.o)l Reagent per I cm 7 of culture dish surface area, Samples were 
incubated in Trlzol Reagent and RNA isolated accenting to the 
manufacturer's recomineno^uon. 

Total RNA was run on a 3-[MmOmboUnoJpropancsulfonic 
acid (MOPS, 5igma)/6% ; fbmiaidcbydc agarose gel,. RNA was 
transferred by capillary action in the presence of I 0 x saline sodium 
citraie- buffer (SSC; 1.5 MNaCl 0.15 m sodium cUniic.pII 7.0) and 
fixed by UV crosvlinkirii;. Prehybridization was carried ouiai 5Q?C 
in 6 SSC. 5 x Dcnhardt's solution (Sigma), 1% sodium dodecyl 
sulfate (SDS), 20% fonnamide^ 50 ng/mL sonicated salmon sperm 
DNA (Amcrsham Pharmacia Biotech Inc.. PUcataway, NJ. USA) for 
6h. Hybridization buffer was changed and 2x 10* cprp of a 
3 -P-labclcd cockrail eonsishng of two or three oUgonticlcorides was 
added and incubated at 50 & C for 24 k Oligonucleotide? were 5/ end 
labeled using y* w P (6000 Ci/mmol) and. polynucleotide kinase 
(Suatagene, La Jolla, CA, USA). The- CaRT cocktail consisted of 
three oligos with the following sequences; 5'»TGAAAACAAG- 
CaCTTCAaGAGGAAAG-3', 5'-TGCAACGCTrCGATCTGCA- 
ACATAGO', and 5'<TCaTGCGCaCTCTCTCCAGCG-3/: The 
gIyceraldehydc-3-phosphate dehydrogenase (GAPJ)H) probe was 
made up of two oligos baving the following sequences: 5'-AGT- 
TGTCATTGAGAGCAaTGCCAGC-3' and 5'-AOTAGACTCAC- 
GACATACTCAGCA-3'. 



Nonspecific hybridization was removed by washing the blots 
with increasing stringency washes (5 x SSC, 1% SDS up to 2 x 
SSC, 0.1% SDS) at room temperature. Blots were analyzed by 
autoradiography or using a Phospholnwger (Storm, Molecular 
Dynamics, Sunnyvale, CA. USA). Blots were stripped and 
rc-probed. with the GAPDH probe. CART mRNA level was 
normalized to GAPDH RNA. 

Sequencing and analysis of the mouse CART 
gene promoter region 

A previously described mouse BAC genomic library was screened 
whig a rat CART cDNA probe. One hybridization positive clone 
(approximately 125 kb In length) was identified (Adams eral 
J 999). A Bainm fiubclone, BamS'C (approximaiely 9.5 kb in 
length), containing the entire CART gene was generated (Fig. 1). 
The CART 5'^anking region in Bam5'C (BgM/Sacl segment) 
was sequenced. All sequences were determined by cycle-sequen- 
cing reactions using a dye-Jabcjed chain terminator sequencing 
kit; .Cloned fragment termini were sequenced using vector-derived 
primers; cusiom designed primers were used lo walk across tbe 
region until douhle-stranded coverage across the region was 
obtained with a four-fold redundancy or greater. The sequence 
has been deposited with GcnBank under accession number 
AP14S07I. 

The sequenced region was analyzed for putative transcription 
factor binding sites using the Transcription Factor Database 
(TRANSFAC) and Maiinspccrpr V2.2 (Wingender ef ah 2000). 
The sequence was also analyzed for specific patterns previously 
shown to be involved in restricting gene expression to a particular 
cell type using FindPattcms in the Wisconsin Package (Genetics 
Computer Gump, Madison, WI V USA). 

Cloning 

Various lengths of 5' upstream sequences were cloned intn the 
prompter-less vector, pGL3-BASIC (Proracga. Madison, Wl, USA), 
and tbese clone* were tested for promoter activity. Constructs were 
generated by digesting the genomic clone, VlamS'C, with 
or kptxl/Sacly or Smal/Ncol pGL3-BASlC vector was digested and 
dephosphorylaied followed by ligation to ihc appropriately digested 
genomic trugment using T4 DNA Ligase (Promoga). Reactions were 
incubated, overnight at 4°C and used to transform compcicni 
Escherichia coh TOP1U cells (Invilrogen, Carlsbad, CA, USA). 
Reprtsieatative colonics were picked and plasmid DNA isolated. 
Constructs were confirmed by didcoxy nucleotide sequencing 
(Bmoiy DNA Sequencing Core facility). The three pGL3-luciferasc 
expressing constructs made were: -345 1 CART-LUC, spanning 
-3451 to + 23: - 641CART-LLJC, spanning -641 to + 30; and 
- 102CART-1-1/C, spanning - 102 to + 23 where* 1 is the predicted 
site of transcription initiation. 

Tnnsfection and lucif erase assay 

GH3, AtT20, and PC12 cells were plated on 35-mm poly ^lysine- 
coated six-well plates at a density of 1 x J0 fc cells/well in 2 mL of 
fully supplemented media as described. For each transaction, 2 ug 
of pSV-0-Galaetosldase Vector (Promega), 2 ug of one- of the 
pGL3-luciferase expressing construct, and 6 uL of FuGJSNE 6 
Transfection Reagent (Roche Oiagnoslics Corporation, Indianapolis, 
IN, USA) were mixed In the appropriate serum free media and 
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-320 

Human GAAGGCATTT TCCATTtCCt aggcccctcc cgcttCCCgT CCCT«CCTc JaGCCCCTCg 
Mouse GAAGGCATTT TCCATT 1 CCCTXACCTt TtGCCCCTW 



Human GcTTCAGCTC aGGCCCCTcG GGgAGCaTCC CTtGCcGtGa GACtGACAGC cTTTgGQGGC 
Mouse GtTTCAGCTC tGGCCCCTaG GGaAGCtTCC CTgGCtGcGg GACgGACAGC gTTTcGGGGC 

'<i; 

.200 E-box AP2 

Human gCaGGGTCcT GTTcTCTGCG CTCTAGCC& TCTGJGCGCA GAGCCTCGTT 
Mouse aCgGGGTCtT GTTtTCTGCG CTCTAGCC£A EISTGCGCA GAGCCTCGTT CCCg£GCtC£ 

-160 SP1 STAT/CRE/AP1 API 

Human jjBGAaCCCBB WATTSA CGE&gCGc CgGCffiAGCG CTGCCTg ACGGtlMG 
Mouse QGGAftCCCQS «ATJSA £GJ£AAaCGg CaGCGGAGCG CTGCCTACAG ACG6cIGAC£ 

-100 spi 

Human CGSfiCcCTCC TCCACACCCC CtTCCTTCTT CgCCtCCICC CTCTTtCCtG CACggGggcT 
Mouse SctCTCC TCCACACCCC CgTCCTTCTT CtCCcCClffi CTCTTcCCgG CACccGattT 



-40 TATA -box 

Human CgggCtcaCI MMaAgGtg GGAGcGCGtg 
Mouse C . aaCcggCt ATAAoAaGcc GGAGaGCGca 

Fig. 1 Structure of the mouse CAHT gene and sequence of the 
proximal promoter region, (a) A diagram of the region in 8am 5'C (see 
Experimental procedures) that was sequence* The genomic structure 
of the CART gene as found in the clone is shown, the three exons and 
two introns of the CART gane are indicated, Exons arc drawn as clear 
numbered boxes and the length of ins Introns is given/The cluster of 
transcription factor binding silos is shown and each is represented by 



+1 22 
GTGCCCcAGC AaCGAcGAGt TtCAGAACgATG 
GTGCCCgAGC AgCGAgGAGg TcCAGAACcATG 

a unique symbol. The diagram is not drawn to scale. The location 
of each transcription binding site relative to the site of transcription 
initiation (+ 1) is given in parenthesis, (b) Sequence alignment between 
the human and mouse proximal promoter region. Differences between 
human and mouse are in lower ca*e. The transcription binding sites 
are underlined. The predicted site of transcription initiation »e indicated 
as f 1 and the initialing ATG Is given. See text for additional details. 



incubated at 25*C for 45 min as described by the n^umcturer. 
One hundred microliters of the complexed DNA/FuGENE 6 mixture 
was added to each well and incubated for IS b at 37>C under 5Vo. 
CO 2 . m some cases, media was replaced with 2 mL of supplemented 
media containing 25 \i# forskolin and incubated for additional 



amoums of lime, Cells were lysed and lucifcrase expression 
measured using the Lucifcxa.se Assay System as recommended by 

the vendor (Promcga). 

Ucifevase activity muintified using a luminometer (Turner Designs 
Model TD-20720 lumvnometer, Sunnyvale, CA). [Wjsiactnsidasc 



© 2002 foccraatiofial Society for NcurocJicmisiry. Journal <tf tf*mcl\*fdxvy> SO, 885-893 



6U. 1UAI. LUUJ 1J.CJ UlWiluu LtVAAAi UlOJIJ'iUUfJ UV.UC66 *. J/ 1 U 

« 1 4 I 

** — 
I 



838 G. Domiagucz tf* a/. 



activity was measured using the p-Galaciostdasc Enzyme Assay 
System (Prorriega) and the absorbance read at 420 nm. Protein 
concentration wavdetetramcd using the Bradford method (Bio-Rad 
Protein Assay, Bio-Rad, Hercules, CA, USA). In all cxperithents. 
luciferase expression was normalized to [l-galacwsldwe activity 
using equal protein concentration: 

Measurements were carried out on three or more independent 
rransfected cultures that were done id duplicate. All results were 
expressed as mean ± SfcM. SCatisueal significance was determined 
using one-way anova followed by a Tukey tesr or a Student's Meat 
(SigmaStat 2.0, Jandcl Corporation). 

Results 

CaRTs proximal promoter region contains transcription 
fector binding sites that arc conserved between mice and 
humans. Analysis of the mouse CART gene 5' upstream 
sequence identified a region containing a cluster of rran- 
scription factor binding sites, including a canonical cyclic 
AMP response element (CRE), two API and SP I sites, and 
several AP2 sites, along with a TATA-like sequence and an 
E-box (Fig- !)• There is also u STATVresponsc element; 
TT (N)oAA, in an overlapping STAT/CiRJ5/APl site. Further 
upstream there is a putative binding site for the pituitary- 
specific transcription factor Pit-1, AWWIATNCAT, where W 
is cither an A or a T (Fig. la). 

The CART gene upstream sequence; was further analyzed 
using a neural network promoter-predicting algorithm 
(Ohler et al J 999) in order to predict transcription initiation 
sites for the mouse CART gene, Transcriplion initiation for 
the mouse CART gene was predicted at the A located 19 
nucleotides upstream of the initiating AUG codon (Fig. lb). 
This is in agreement with the previously published rat and 
human 5' ends (Douglass nc al 1 995; Douglass and DftOed 
IW), 

The CART peptide coding sequence is highly conserved 
between rodents and man, with greater than 90% nucleotide 
identity (Douglass and Daood 1996). To determine if the 
5'-flanking region of the mouse CART geae was similarly 
conserved across species, the human CART 5'-flat\king 
sequence was identified in the databases, A contig (Acces- 
sion Number NT019389) located on human chromosome 5 
and spanning K77.249 bp was found. It contained the 
CART gene plus 5' upstream sequence. A pairwise 
comparison between the mouse and human sequences was 
performed using GAP (GCG Wwxwsin Package; Accctys 
Inc., San Diego, CA, USA) with a gap weight of 50 and 
length weight of 3. Figure 1(b) is an alignment of the 
mouse proximal promoter region with the corresponding 
human region. The comparison identified a 320-bp region 
immediately upstream from the CART coding sequence that 
Shares 33.4% nucleotide Identity. The region contains the 
binding sices for the clustered set of transcription factors, 
including the overlapping CRE/APl/STAT site. 



Functional studies 

To assess the importance of the regulatory elements within 
the CART upstream sequence, the activity of various 
S'-prOxirnal regions of the CART gene were tested for their 
ability to drive gene expression when cloned upstream of Ih* 
luciferase gene. Three luciferase expressing constructs were 
made and tested; - 345 1 CART-LUC, - 64) CART-LUC, and 
- 1 02CART-LUC that coutain 3451, 641, and 102 bp of 
mouse CART 5' upstream sequence (+ 1 is the predicted site 
of transcription initiation), respectively (Fig. 2). We chose 
GH3 cells as our in vitro system because CART mRNA is 
expressed in the pituitary (Couceyro et al 1997) and these 
cells had previously been shown to express high levels of 
CART mRNA (Barrett et al 2001). GH3 cells were 
cotransfected with pSV-p-galactosidase (which serves as an 
internal control for normalization of transection efficiency) 
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Fig. 2 Luciferase (LUC) expression of constructs carrying varyino. 
lengths of the CART promoter. The constructs were cloned into 
PGL3-BAS1C vector which lacks a promoter, and the luciferase- 
BXprGSslng clones were transiently cotransfBcted with p-galactosidaae 
vector, which serves as an Internal control for normalization of trans> 
lection efficiency, into GH3 cells. Boundaries lor the CART-LUC 
constructs are: -3451 CART-LUC, -3451 to + 23; -641CART»LUC. 
-641 to + 30; - 1 D2CART-LUC, - 102 to + 23 where + 1 fe the site of 
transcription initiation (see Fig. 1b). pGL3.CONTROL contains the 
SV40 promoter to drive LUC expression and serves 35 a positive 
control. Each value is expressed aa the folds Increase relative to that 
found with pGL3-BASIC Values are mean ± SEM from al least three 
Independent experiments each done In duplicate. Statistical signifi- 
cance (•) was assessed using one-way anova followed by a Tukey 
test The differences in the values among the different constructs are 
greater than would ba expected by chance (p = < 0.001), 
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and one of the CART containing constructs, -3451 CART- 
LUC. -641CART-LUC, and -102CART^LUC. Lucifcrase 
activity of each construct was compared to that produced.by 
pGU-BASIC, the parent vector thai lacks a promoter 
(background activity). 

p GL3-CONTROL, which has a SV40 promoter to dnve 
Iuciferase expression, was used as a positive control since iV 
exhibits strong promoter activity in a variety of mammalian 
cells. In GH3 cells, pGL3-CONTROL had a six-fold increase 
in luriferasc activity above pGU-BASlC. This is similar to 
the 5.4-fold activation by -102CART-LUC, indicting thai 
this segment of upstream sequence can function as a 
promoter and drive luciferasc expression. However, con- 
structs containing larger upstream segments produced much 
greater activity. -641 CART-LUC produced a 29-fold acti- 
vation and -3451 CART-LUC had a 51-fold activation- The 
-IQZC ART-LUC construct docs not contain the Erbox, AP2. 
SP1. or STAT/CRE/AP1 sites highlighted In Fig. 1(b) hut 
it does contain the TATA-Jike box and an SP1 site. We, 
-64 1 CART-LUC construct contains the STAT/CRE/AP1 
composite site, and -3451CARTJ.UC also contains a 
puimive PU-1 binding site. Pit-,1 is a transcription fector 
belonging to the POU domain proteins that is expressed 
exclusively in the central nervous system andin the pituitary 
(reviewed by McEviliy and Rosenfeld 1999). 

Cyclic AMP-dependent activation of the CART gene 

in GH3 cells « 
Because these promoter studies were carried ouv in GH3 
cells, it is important to show that these cells normally express 
CART mRNA. Barrett ei al (2001) have shown mat CART 
mRNA levels were up-rcgulated by activators of cyclic AMP,, 
including forskolin, dibutry Cyclic AMP, s and PACAP-38 in 
these cells. To confirm and extend their results, , a time course 
of forskolin induced activation of CART mRNA was 
performed Forskolin is an activator of adenylate cyclase, 
which is the enzyme that converts .adenosine triphosphate to. 
cyclic adenosine monophosphate. GH3 ceUs were treated 
with 20 um forskolin for 0, 1 , 3, 6, 12, and 24 h as described 
tn Experimental procedures and 40 ug of total RNA was 
analyzed by northern blot analysis (Fifi- 3). Continuous 
exposure to forskolin increased CART mRNA levels com- 
pared to 0 h of exposure: The invdivemcnt of protein 
kinase A (PKA) was also tested (Fig. 3). In the same 
experiment, some GH3 cells were treated with 30 um H89, 
an inhibitor of PKA, for 2 h prior to and during forskolin 
treatment. Pretreatment of PC12 cells with the same 
concentration of H89 results in a significant reduction of 
forskolin-induced protein phosphorylation (Chijiwa ei al 
1990). The time course showed that the maximal increase 
in CART mRNA levels occurred after 6 h of forskolin 
treatment Because it is well established that forskolin 
increases cFos mRNA (reviewed by Herdegen and Leah 
1998), the effect of forskolin on cFos expression in GH3 
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Fig. 3 Changes in CART mRNA levels in response to forskolin (F) 
and H69 treatrnW (a) Northern blot analysis of CART mRNA levels 
in brain regions and GH3 cells treated with forskolin (F) alone or F plus 
H89 as described in Experimenial procedures, Tho 0 h time point 
shows CART mRNA in the absence of any treatment. Total RNA 
(40 ug) was transferred by capillary action end probed with a CART 
oligonucleotide .cocttaL Brain regions analyzed; CE, cerebellum as a 
negative control (20 ufl); and HY. hypothaJamus as a positive control 
(2b hq), (b) CART mRNA levels were quantified and normalized to 
GAPDB jevols. RNA fold increase was determined by setting the 0 h 
lime point to 1 and comparing the other time points to the 0 h lime 
point Data is from a single experiment out is representative of daia 
from throe Independent experiments. 

cells under the same experimental conditions was tested; 
maximal expression was seen after 30 min, after which time 
levels decreased (data not shown). Treatment wiih H89 prior 
to and during forskolin treatment reduced the CART mRNA 
levels by approximately two-fold. 

To determine which as-elements present in the CART 
promoter were responsible for the responsiveness to cyclic 
AMP induction by forskolin, two luciferasc expressing 
constructs, -MlCART-LUC which contains the clustered 
transcription factor binding sites including the overlapping 
STAT/CRE/AP1 site, and - ] 02 CART-LUC which lacks the 
STAJ/CRE/AP1 site were tested. The -641 CART-LUC and 
- 102CARTfLl)C constructs were tramfected into GH3 cells 
and 1 8 h after transfection, media was changed and cells were 
treated with 25 um forskolin for 7 b. As illustrated in fig. 4, a 
twofold increase in iuciferase activity after forskolin treat- 
ment was produced with -641 CART-LUC, while no statis- 
tically significant Increase in Iuciferase activity was observed 
with -102CART-LUC and pGL3-CONTROL. This suggests 
that the region between -102 and -641 contains elements 
that are responsive to changes in cyclic AMP levels. 

A comparison of Iuciferase activity between -641 CART- 
LUC and pGU-CONTROL after forskolin treatment showed 
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Fig. 4 Cyclic amp responsiveness oi -102CART-LUC and -641 
CART-LUC in GH3 cells. GH3 cells were transiency transfected with 
each construct as described; in ExponmemeJ procedures and iuci- 
fcrase activity assayed 7 h after' forekolln(F) treatment. Samples ere 
compered to iho corresponding nontreated conlrpl. Each value is 
expressed as the folds increase relative to pGLS-BASIC. Values arc 
mean * SEM from at least three independent experiments each done 
in duplicate.. Statistical significance O was assessed using a student 
Heel. The difference between the values of -B41CART-LUC and 
-641 CART-LUC + F is significant (p * 0.037). 

that -641 CART-LUC exhibit a continuous increase in 
expression beginning at i h and continuing through 48 h 
(Fig, 5). In comparison, pOU-CONTROL exhibited greatest 
lucifcrase activity after 7 b of forskolin treatment, with a 
three-fold decrease after 24: h. 



Cyclic AMP responsiveness of -641 CART-LUC in cells 
of different origins. Promoter activity of - 64 1 CART-LUC in 
AtT20 and PC12 cells was examined. AtT20 andPC12 cells 
were traasfectcd as described in Experimental procedures. 

-641CART-LUC was more active in PC12 cells than in 
AtT20 cells. (Pig. 6) however, promoter activity was highest 
in GH3 cells (29-fold above background, Fig. 2). Forskolin 
treatment of AtT20 and PC 12 cells did not have a significant 
effect on lucjferasc expression. In addition, in AtT20 cells, 
increasing the amount of 5' upstream sequence by using 
-3451CART-LUC did not significantly affect the lucif- 
Crase expression level in the presence or absence of forskolin 
treatment, which i3 contrary to what wc observed in GH3 
cells (data not shown). CART mRNA is expressed ai 
much lower levels in AtT20 cells than in GH3 cells 
(Dominguez G., unpublished result and Barrett et at. 2001). 

Discussion 

CART mRKA levels change in response to various stimuli 
mclutiing fasting, lcplin. and psychostimulant druip; 
(Douglass etal 1995; Kristcnsen etal 1998; Fagergren 
and Hord 1999; Hard et al 1999; Wwng ei al. 1999; Abima 
et al 2000; Dhillon et al 2000), but the transcription factors 
involved in CART inRNA regulation have not been studied. 
The aim of this work was to characterize the CART promoter 
by identifying putative transcription factor binding sites and 
to test segments containing these elements for functional 

promoter activity. 

Sequence analysis of a 3.4-Jcb mouse genomic DNA 
identified a 320-bp region, located immediately upstream 
jjom the transcriptional start site, thai is highly conserved 
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Fig. 5 Time course ot forskolin (F) effect on 
-S4ICARMUC jn GH3 ceils. Cells were 
treated with forskolin (25 tor 1, 7, 24, 
and AB K Each value is expressed as the 
folds increase relative to pGl_3-BAS(C. 
Values for pGL3-CONTROL are Included 
for comparison. Values are moan ± SEM 
from at feast three independent experi- 
ments each dona m duplicate. Statistical 
significance O waS assessed using one- 
way anova followed by a Tukey test The 
differences between the values of 
-641 CART-LUC at 48 h F and tha other 
lime points arc greater than would 
be expected by chance (p = < 0.001). 
"Indicates that the increase in the values of 
pGL3-CONTROL at 1 h and 7 h are sig- 
nificantly different than the 0 h time point 
(p = < 0.05). 
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Fig. 6 Comparison or Iho activity of -641 CART-LUC in AtT20 ;and 
PC12 cells in the presence and absence of jprskotin ^)- AtT2Q and 
PCi2 cells were transientJy transacted vytrti -641 CART-LUC as pre- 
viously described. Luciferase activity is expressed as the folds 
increase relative to pGLS-BASIC 

between the mouse and human CART gene (Fig. l b). The 
region contains several transcription factor binding sites and 
thus suggests that the movise and human CART gene could 
be (nmscriptionally regulated, by the same Iranscripnon 
factors, for example, the overlapping STAT/CRE/APl site 
located 148 nucleotide upstream, from Hie predicted site of 
transcription initiation is completely conserved between 
mouse and human.. Additionally, the conservation of these 
binding sites suggests that these Description factors have an 
important role in the regulation, of the CART gene. 

Transcriptional activation of cellular genes by a cyclic 
AMP-responsivc element (CRE)-bindiog protein (CREB)- 
mediated response usually peaks after 30. min of stimulation 
and decreases after 2-4 h (reviewed by Mayr and Montminy 
2001), the continuous increase that wc observed in GH3 cells 
(Fig. 5) suggests that the cyclic AMP responsiveness of mo 
CART promoter may hot be due only 10. CREB -mediated 
activation but to activation by .other trjmscription factors. 
Theoretically, the STAT/CRE/APl element could allow 
complex transcripUonal regulation via CREB and cJun 
proteins as well as by signal transducer and :activaU>r of 
transcriprion (STAT) proteins (Shaywjtz and Orecnberg 
1999), Composite CRE/AP1 sites have been found in a 
number of genes involved in neurou-ansinitier synthesis, 
including dopamine ^-hydroxylase (SbasJcus fit al 1992), 
prodynorphin (Mcssersmim elal '1996),; prbenkephalin 
(Comb etdl 1986)/ and cholecystokinin (Hansen et al 
1999). For example, the inflamrnation^induced. model pro- 
posed by Messcrsmith.rt.cz. (1998) for prodynorphin gene 
transcription describes me interaction, between Fos/fra, 
phosphorylated-CREB, and phospborylated-cJun at the 



composite DYNCRE3 site. Mutational analysis of the 
STAT/CRB/AF1 composite site wiJl bo very important in 
identifying which transcription factors arc involved in the 
cyclic AMP responsiveness of the CART promoter. 

The presence of a STAT-binding motif suggests that the 
CART gene could be regulated directly via cytokine 
signaling. This could be a mechanism by which leptin 
stimulates CART mRNA transcription, since the Iepnn 
receptor Signals through the Janus kinases (JAKs)/STAT 
pathway (reviewed by Good 2000). The presence of the SP1 
adjacent to the STAT-Tcsponso element (Fig- lb) in Ae 
CART gene promoter sequence adds additional support for 
this, since SP1 has been shown to play a role in mediating the 
STAT response (Look et al, 1995). Interestingly, a model of 
leprin action in a myrotropm-releasing hormone (TRH) 
neuron includes direct regulation of the TRH promoter by 
leptin via the phosphorylation of STAT3 (Harris et al 2001). 
Recently,. Elias et al (2001) showed that leptin directly acte 
on hypothalamic CART neurons that coexpress TRH mRNA. 

The Pit-1 binding site at position -818 (Fig, la) m the 
mouse CART promoter suggests the involvement of Pit-1 in 
celktype specific transcriptional activation of the CART 
gene. Pit-1 is a POU-bomeobox transcription factor that is 
responsible for either the commitment or mainteoance of 
somatotroph, lactonoph, and thyrotroph ceil lineages (Lin 
et ol 1994; Rhodes el al 1996; Andersen et al 1997). Thi* 
transcription factor has been shown to be required for the 
tissue specific expression of several genes including growth 
hormone, prolactin, and thyrotropin (Haugen et al J 996; 
Karin ef al 1990; Voss and Rosenfeld 1992). The. Pit-1 
protein has also been shown to participate in synergistic 
Interactions with other transcription factors, including dun 
(Farrow efal .1996), thyroid hormone receptor (Chang et al 
1996), and estrogen receptor (Ying and Lin 2000). The 
i. 8-fold increase in iucifcrase activity exhibited by 
-345iCART-LUC as compared with -641 CART-LUC in 
GH3 cells (Fig. 2) suggests that Pit-1 may play a role in 
CART gene expression. In AtT20 cells, -345ICART-LUC 
resulted in no significant increase in luciferase activity in the 
presence or absence of forskolin (data not shown). In AtT20 
cells* prolactin mRNA is not induced by the Pit-1 pathway 
(Girardin di al 1998),. Additionally, the Jucifcrase activity 
of - 641 CART-LUC in GH3 cells (somaiomammotroph 
phenotvpe) is higher than in AIT20 cells (corticotroph 
phenotypc) thus suggesting that - 641 CART-LUC contains 
ciy-elcments that enhance expression in GH 3 cells. 

The data obtained from these studies provide a basis for 
future studies on the mechanisms regulating the CART gene. 
Jhe data presented (Figs 3 and 4) also confirm that the 
CART gene can be positively regulated via a cyclic AMP- 
dependent pathway Further studies aimed at identifying 
which transcription factors and pathways arc involved in 
regulating the CART gene may identify common signal 
transduction pathways that are shared by neuropeptide genes 
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such as proopiomelanocortin (POMC) and melanin-concen- 
trating hormone (MCH). In the aitmato nucleus CART, 
POMC. and MCH are compressed, affect feeding (Elias 
ei al 1998; Broberger 1999; Viang et at. 1999) and may also 
be transcriptionally regulated in a similar manner. 
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Forskolin Reduces Food Intake In Obese Mice 



A randomized placebo controlled study performed at the C. B. Patel Research 
Center for Chemistry and Biological Sciences, Mumbai , India , revealed that 
forskolin treatment reduces food intake in obese mice by about 50 percent. 

Obese mice treated with a daily dose of 2 mg of forskolin (in two divided 
doses) reduced their food intake by almost 50 % by the end of the three- 
week treatment. The researchers concluded that reduction in food intake is 
likely to be a significant factor contributing to the weight management and 
lean body mass enhancing effects of forskolin. 

In this study, 48 female Swiss Albino mice, weighing 20 - 25 g on an average, 
were randomly allocated into two groups (study group and control) and 
housed in groups of four in polypropylene cages in a room maintained at 22 ° 
C. The animals were exposed to natural day- night cycles. Mice in both groups 
were fed a highly palatable diet for 12 weeks consisting of 33 % pelleted mice 
diet, (Lipton India ). The study group additionally received 33 % powdered 
milk (Nestle), 7 % sucrose, 5 % clarified butter (ghee) and 22 % tap water by 
weight. This diet produced reliable weight gain over controls. 

Both the groups were provided food at the rate of 30 g / day / cage divided 
into two meals. Food intake was measured daily during the treatment period, 
while body weight and abdominal flab were recorded every seven days. 
Animals from both groups were randomly selected to receive forskolin or 
placebo treatment. Treatment was initiated only after the difference in body 
weight between special obesity-inducing diet fed and control mice was lOg 

Administration of forskolin did not produce any untoward hyperactivity or 
lethargy in mice, although there was significant decrease in food intake in the 
obese mice. 

During the first two weeks of treatment all the mice were consuming on an 
average 30 g of food per 24 h (normal or obesity inducing) per group of four 
animals in a given cage. From the third week of treatment, there was a 
reduction in the quantity of food consumed by the obese group 
treated with forskolin. After the third week, the forskolin treated 
obese animals were consuming about 15 g of the special obesity 
inducing food per 24 h. 

The intake of water remained unaltered. The mice in all the treatment groups 
as well as controls were active and performed normally in daily activities 
throughout the study period. 
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